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Osteoarthritis of knee and hip are two of the commonest types of arthritis 
around the world. They are characterized by pain and physical disability, which leads 
to not only to substantial reductions in health-related quality of life (HRQoL) but also 
to significant increases in healthcare resources utilization. However, evidence for 
HRQoL and pharmacoeconomic evaluations in Asian patients with OA is lacking.  
 
The first purpose of the present project was therefore to identify the important 
HRQoL domains and items from the perspective of Singaporean patients with OA by 
using a qualitative focus group approach. The important domains and items reported 
by the patients guided the selection of specific profile-based HRQoL instruments to 
be used in these patients. A large scale quantitative validation study was subsequently 
carried out.  
 
The three appropriate HRQoL instruments, knee injury and osteoarthritis 
outcome score (KOOS), Lequesne Algofunctional Index of knee (LAI), Oxford knee 
score (OKS), which cover most HRQoL domains and items of importance for 
Singaporean patients with OA were cross-culturally adapted and validated in 
Singapore following standard guideline. The KOOS comprises 45 items which covers 
a wide range of HRQoL domains and items for OA patients. Thus it can be used in 
various settings (e.g. patients with early and/or advanced stage of OA). The LAI 
comprises only 10 items, and is thus superior to the KOOS and OKS in terms of the 
burden on respondents. The LAI can also be used in OA patients with different 
 ix
disease severity.  In contrast, the OKS has demonstrated better internal consistency 
than the other two instruments, but it can only be used in OA patients scheduled for 
TKR, which may limit its application to patients with less severe disease who do not 
require TKR.  In addition, the performance of two widely used preference-based 
HRQoL instruments, namely, the EQ-5D and SF-6D, was determined in Singaporean 
patients with knee OA. The agreement in measuring utility of patients with OA 
between these two instruments was very poor. The EQ-5D demonstrated better 
psychometric properties than the SF-6D in these patients with knee OA.  
 
The second purpose of the present project was to estimate financial burden of 
OA, which includes direct, indirect, and intangible costs. An estimation of these costs 
is the first essential step in performing other important types of full 
pharmacoeconomic evaluation, such as cost-effectiveness analysis and cost-utility 
analysis. The direct, indirect, and intangible costs of OA to society and patients was 
found to be increased by more than three-fold in patients with TKR or THR compared 
to those without surgery in Singapore. Ethnic differences in healthcare resource 
consumption were present, and became more apparent when the disease progressed.  
 
In conclusion, the present project paves the way for the future HRQoL and 
pharmacoeconomic evaluations in multiethnic Asian patients with OA by identifying 
and validating the most appropriate profile-based and preference-based HRQoL 
instruments for use in these patients, as well as providing a comprehensive 
 x
assessment of healthcare resource utilization information in these patients in 
Singapore.  
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2 
Health-related quality of life (HRQoL) and pharmacoeconomics have received 
increasing attention in healthcare research in the past decades. It is necessary and 
important to give a brief introduction to these two research topics and highlight the 
importance of carrying out HRQoL and pharmacoeconomic evaluations in 
osteoarthritis, which are the two key themes in this thesis.  
 
1.1. What Is Health-related Quality of Life? 
Over the past decades, health-related quality of life (HRQoL) has become an 
important component in clinical trials, epidemiological investigations, and clinical 
practice. Although there is no universally agreed on formal definition of HRQoL, it is 
generally acceptable that HRQoL is a subjective assessment of the impact of disease 
and treatment including physical, mental, and social domains of functioning and well-
being (Revicki et al., 2000).  
 
Unlike classical clinical indicators (e.g. blood pressure, biochemical markers 
etc.), HRQoL is an abstract construct and cannot be directly measured by using 
mechanical devices. Instead, it has to be assessed by using questionnaires to survey 
the relevant subjects. In fact, a large number of HRQoL instruments have been 
developed for this purpose. According to respondents’ health condition, HRQoL 
instruments can be broadly divided into generic and disease-specific instruments. 
Generic HRQoL instruments are intended for general use, irrespective of the disease 
or health condition of respondents. Some notable examples of this type of instruments 
include Medical Outcomes Study 36-Item Short Form (SF-36) (Ware et al., 1993), 
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Sickness Impact Profile (SIP) (Bergner et al., 1976), and Nottingham Health Profile 
(NHP) (Hunt et al., 1981). On the other hand, disease-specific instruments focus on 
the issues of particular concern to respondents with certain disease, for example, the 
Arthritis Impact Measurement Scales (AIMS) (Meenan et al., 1980).  Furthermore, 
depending on the measurement approach adopted, HRQoL instruments can also be 
categorized into profile-based and preference-based instruments (Guyatt et al., 1996). 
The instrument is a profile-based instrument if it measures different domains of 
HRQoL and assigns scores for each of these domains, a notable example of this is the 
SF-36 (Ware et al., 1993). If a instrument measures HRQoL in terms of respondents’ 
utility for certain health states, the instrument is a preference-based instrument, a 
notable example of this type of instruments is the EuroQol (EQ-5D) (Brooks and the 
EuroQol group, 1996).    
 
A HRQoL instrument may be developed in a certain country and socio-
cultural context. Before it can be applied in other countries and socio-cultural 
contexts, a standardized cross-cultural translation, adaptation, and validation process 
is recommended (Guillemin et al., 1993), in order to assess psychometric properties 
of an instrument including reliability, internal consistency, dimensionality, construct 
validity, and responsiveness. Assessment of reliability consists of determining that a 
scale or measurement yields reproducible and consistent results. Internal consistency 
refers to the degree to which the items within a domain are interrelated. 
Dimensionality is an assessment of whether all items in a domain relate to a single 
latent variable. Construct validity is another important psychometric property which 
Chapter 1. Introduction                                                                                    Xie, Feng 
 4
assesses the degree to which an instrument measures the construct that it was 
designed to measure. Details on the parameters used to evaluate these properties will 
be discussed in the subsequent chapters of the current thesis.  
 
1.2. What Is Pharmacoeconomics? 
It is nearly two decades since the term pharmacoeconomics was first used in 
industry and then in academia around the world (Drummond et al., 1987; Eisenberg, 
1989). Pharmacoeconomics has been defined as “the study of how people and society 
end up choosing to employ scarce productive resources that could have alternative 
uses, to produce various pharmaceutical products and distribute them among various 
people and groups in society to enhance quantity and quality of life”(Malek, 1999).  
 
As such, pharmacoeconomic research identifies, measures, and compares the 
costs (i.e. resources consumed) and consequences (clinical and humanistic) of 
pharmaceutical products and services (Bootman et al., 1999). Within this framework 
the research methods related to cost-of-illness (COI), cost-minimization analysis 
(CMA), cost-benefit analysis (CBA), cost-effectiveness analysis (CEA), and cost-
utility analysis (CUA) are included (Bootman et al., 1999). COI is a fundamental and 
first step of any pharmacoeconomic evaluation. It depicts a whole picture on 
economic burden of a health condition, which can be used as a benchmark for other 
types of pharmacoeconomic studies. If the consequences for competing programmes 
evaluated are equal, the pharmacoeconomic evaluation is a CMA study, which is to 
compare only costs incurred by competing programmes. If both costs and 
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consequences are measured in monetary terms, the pharmacoeconomic evaluation is a 
CBA study. If consequences are assessed using a natural unit for competing 
programmes (e.g. cancer cases prevented), the pharmacoeconomic evaluation is a 
CEA study. A special subgroup of CEA study is CUA study where consequences are 
evaluated in terms of utility estimated using preference-based HRQoL instruments. 
 
With the advances in pharmaceutical research and development, the quantity 
of new drugs has explosively grown. However, the realization is also increasing that 
unconstrained growth in expenditure for health in the past cannot continue 
indefinitely because of limited health resources. For example, health expenditure in 
UK was £55,462 million, accounting for 6.8% of GDP in 1997, and increased to 
£80,620 million, accounting for 7.7% of GDP in 2002 (National Statistics, 2006). A 
similar trend is observed worldwide and healthcare administrators have been hard 
pressed to come up with scientific and yet politically acceptable methods to control 
the growth in healthcare expenditure. Therefore, with its root in health economics and 
evidence-based medicine, pharmacoeconomics has been recognized as an useful 
scientific tool in health care resource allocation and has been adopted by government 
regulators in making decisions about new drugs (Commonwealth of Australia, 1990; 
Ontario Ministry of Health, 1991).  
 
1.3. What Is the Relationship between HRQoL and Pharmacoeconomics? 
Pharmacoeconomic evaluation includes two important components, namely, 
costs and consequences. A comprehensive pharmacoeconomic evaluation requires not 
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only the evidence of safety and clinical efficacy, but also the evidence of its impact 
on respondents’ functioning and well-being as the measure of consequence (Revicki 
et al., 1992). Thus HRQoL is increasingly viewed as important health outcome that 
can be used to measure the impact of pharmaceutical interventions on health. 
 
A CEA involves the selection of alternative health programmes in comparing 
the relevant health outcomes. Increased life expectancy or expected life years saved 
provides a convenient metric and is frequently used as primary outcome in many 
CEA studies. However, years of life gained is an insufficient outcome measure in 
many CEA cases where not only the increase in length of life but also the 
improvement in quality of life are of relevance and importance in assessing the added 
value of a health programme. Therefore, HRQoL is recommended to be assessed in a 
CEA to capture health outcomes beyond the simple survival  (Fanshel and Bush, 1970; 
Gold et al., 1996; Weinstein and Stason, 1977).  
 
Two main approaches have been used to evaluate HRQoL in CEA studies, 
profile-based and preference-based HRQoL measures. As previously stated, validated 
generic or disease-specific profile-based HRQoL instruments (e.g. SF-36) can be 
used to provide comprehensive and multidimensional assessment of HRQoL in 
evaluating alternative health interventions (Revicki, 1996). A preference-based 
HRQoL instrument (e.g. the SF-6D) measures the strength of a respondent’s 
preference for different health states under conditions of uncertainty. Utilities are 
quantified on a scale from 1 (anchored as perfect health or the best possible health 
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state) to 0 (anchored as death or the worst possible health state), which can be 
combined with survival data to calculate quality-adjusted life years (QALYs). The 
advantage of the QALY as a measure of health outcome is that it can simultaneously 
capture gains from reduced morbidity (quality gains) and reduced mortality (quantity 
gains), and integrate these into a single measure (Torrance, 1986). Thus preference-
based HRQoL measures are an integral part of CEA (or called CUA) (Revicki et al., 
1992). Currently, it is well accepted that HRQoL is an important and necessary 
component to defining “effectiveness” and should be integrated into 
pharmacoeconomic evaluations (Bootman et al., 1999).  
 
1.4. HRQoL and Pharmacoeconomic Evaluations in Osteoarthritis Management 
Osteoarthritis (OA) is defined as “a heterogeneous group of conditions that 
lead to joint symptoms and signs which are associated with defective integrity of 
articular cartilage, in addition to related changes in the underlying bone at the joint 
margins” (Altman et al., 1986). It is one of the commonest chronic diseases around 
the world with knee and hip being the two joints which are most frequently affected 
(Arden and Cooper, 2006). Clinically, osteoarthritis is also one of the leading causes 
of pain and physical disability across the world. Thus the basic goals in managing OA 
therefore are to reduce symptoms and to maintain and improve function of patients 
suffering from this condition.  
 
In the past two decades, HRQoL has been one of the most important health 
outcome measures in OA based on several considerations (Rivest and Liang, 1998). 
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First, as a progressive degenerative joint disorder, OA is responsible for significant 
morbidity rather than mortality in the population around the world. As such, 
improvement in HRQoL should naturally be considered as another important 
indicator in OA management. Second, the pain and physical disability in OA are not 
always associated with severe radiographic changes. This highlights the importance 
of the subjects’ reports of their health status (Sharma and Felson, 1998), which can 
only be achieved by survey-based HRQoL assessment, in the holistic management of 
osteoarthritis.  
 
Given the already high and increasing prevalence of OA, and the significant 
impact on functional status in patients with OA, this condition will gradually 
consume a larger fraction of health care expenditures in many countries in the 
foreseeable future (March and Bachmeier, 1997). Thus pharmacoeconomic evaluation 
of new treatment modalities would play an important role in OA management for 
several reasons (Coyle et al., 2001). First, it can provide both government decision 
makers and health care professionals as well as patients with a general understanding 
on the economic burden of OA (i.e. COI study) (Yelin, 1998). Second, faced with the 
growing availability of therapeutic alternatives for OA but finite health resources, a 
natural question has arisen as to how both health (e.g. HRQoL) and economic 
outcomes (e.g. costs and savings) vary for several available treatment options for OA. 
A pharmacoeconomic appraisal can help to answer this question by determining the 
cost-effectiveness ratios for alternative treatments and choosing the most cost-
effective one based on certain budget constraint.   
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1.5. Research Objectives 
Singapore, a southeast Asian country, has a multiethnic population, consisting 
of 3 major ethnic groups in Asia, namely, Chinese (76% of total population), Malay 
(14%), and Indian (8%) (Department of Statistics, 2005). Although the prevalence 
and incidence data for OA are lacking, some studies have estimated that knee OA is 
far more common than hip OA (De Filippis et al., 2004; Xu et al., 2003). The clinical 
incidence of knee OA at age 60 is approximately 30% and the prevalence continues to 
increase at approximately 1% each year as the Singapore population ages 
(Satkunananthan, 2003).  
 
Despite the fact that a significant proportion of the population, especially the 
elderly, are affected by OA, little is known about the HRQoL of patients with OA in 
Singapore and no study has ever been carried out to estimate the economic impact of 
OA on local patients. Therefore, the present project aimed to address these needs 
among the multiethnic subjects with OA in Singapore.  
 
Currently, a number of HRQoL instruments have been specifically developed 
for use in OA in Western countries. Nevertheless, as the impact of the disease on 
patients may vary across socio-cultural contexts (Jordan et al., 1996), and differences 
in social-cultural contexts in evaluating health status between Eastern and Western 
countries are obvious, it is of first and foremost importance to choose among existing 
OA-specific HRQoL instruments based on the opinions from patients in local social-
cultural context and then establish the psychometric properties (Nunnally and 
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Bernstein, 1994) of the selected instruments before applying them clinically in 
HRQoL assessment in local setting.  
 
Based on the above, there are 2 major aims for the present project, which are 
as follows: 
First, the present project was to identify and validate suitable generic and 
disease-specific HRQoL instruments for Singaporean patients with OA of knee or hip 
(two types of OA commonly seen in Singapore). The objectives of these studies are 
summarized as follows: 
 
1. To determine the important HRQoL domains and items for patients with 
knee or hip OA in various socio-cultural contexts around the world from the 
perspective of patients. 
 
2. To determine the important HRQoL domains and items for patients with 
knee or hip OA in Singapore from the perspective of patients. 
 
3. To validate the WHO International Classification of Functioning, Disability, 
and Health (ICF) Core Sets for OA from the perspective of patients with OA in 
Singapore.  
 
4. To cross-culturally adapt and validate the selected profile-based OA-
specific HRQoL instruments in patients with knee OA in Singapore. 
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5. To compare the performance of two widely used preference-based HRQoL 
instruments in patients with knee OA in Singapore. 
 
Second, to estimate the cost of OA on both patients and the society as a whole 
in Singapore. The objectives of these studies are summarized as follows:  
 
6. To estimate the direct costs of OA and identify the potential ethnic 
variations in healthcare resource utilization in Singapore. COI is one of the important 
components of pharmacoeconomic evaluation, which can provide useful information 
on economic burden in treating an illness and establish a baseline for all other types 
of pharmacoeconomic evaluations (i.e. CMA, CBA, CEA, and CUA) (Bootman et al., 
1999). 
 
7. To explore the feasibility of estimating the indirect costs of OA using 
human capital approach and identify the potential factors affecting these costs in 
Singapore.  
 
8. To explore the feasibility of estimating the intangible costs of OA using 
willingness to pay and identify the potential factors affecting these costs in Singapore.  
 
1.6. Organization of the Thesis  
The content of this thesis is arranged in such a way that each of the following 
chapters except for the last one addresses one of the research questions. The full texts 
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of those works that have been published in peer reviewed international journals were 
attached as appendices at the end of this thesis. 
 
The 2nd chapter systematically reviews existing literature to identify the 
important HRQoL domains and items for OA patients in various socio-cultural 
contexts around the world. This chapter has been published in Seminars in Arthritis 
and Rheumatism (2005 impact factor 3.58) Year 2005, Volume 34, Page 793-804 (see 
Appendix A). 
 
The 3rd chapter qualitatively summarizes what are the important HRQoL 
domains and items for Singaporean OA patients through focus group discussion. This 
chapter has been published in Osteoarthritis and Cartilage (2005 impact factor 4.22) 
Year 2006, Volume 14, Page 224-230 (see Appendix B).  
 
The 4th chapter reports the linkage between the important HRQoL domains 
and items reported by Singaporean OA patients and the International Classification of 
Functioning, Disability, and Health (ICF) Core Sets for OA. This chapter has been 
published in Annals of the Rheumatic Diseases (2005 impact factor 6.96) Year 2006, 
Volume 65, Page 1067-1073 (see Appendix C). 
 
The 5th chapter reports the process of cross-cultural adaptation and validation 
of the Singapore English and Chinese Knee Injury and Osteoarthritis Outcome Score 
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(KOOS). This chapter has been published (online first) in Osteoarthritis and 
Cartilage (2005 impact factor 4.22) Year 2006 June 28 (see Appendix D). 
 
The 6th chapter reports the process of cross-cultural adaptation and validation 
of the Singapore English and Chinese Lequesne Algofunctional Index of Knee. This 
chapter has been published (online first) in Osteoarthritis and Cartilage (2005 impact 
factor 4.22) Year 2006 July 28 (see Appendix E). 
 
The 7th chapter reports the process of cross-cultural adaptation and validation 
of the Singapore English and Chinese Oxford Knee Score. This chapter was under 
review by the Journal of Bone Joint Surgery (British Volume) at the time of thesis 
submission. 
 
The 8th chapter compares two preference-based HRQoL instruments, EQ-5D 
and SF-6D, in OA patients. This chapter was under review by Arthritis and 
Rheumatism at the time of thesis submission.  
 
The 9th chapter reports the problems in the existing cost of illness studies done 
in OA through a systematic literature review and proposes the possible improvements 
in cost of illness studies in OA.  
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The 10th chapter reports the direct costs of OA in Singapore. The first revision 
of this chapter was under review by the Journal of Rheumatology at the time of thesis 
submission. 
 
The 11th chapter reports the indirect costs estimated through the human capital 
approach and intangible costs estimated through willingness-to-pay in Singaporean 
OA patients. This chapter was under review by the Health Policy at the time of thesis 
submission.  
 
The last chapter is a recapitulation of the major findings of the project. 
Contributions and limitations of this project and research questions to be addressed in 












Do the HRQoL Domains & Items in Knee 
& Hip Osteoarthritis Vary in Importance 
Across Social-Cultural Contexts? A 
Qualitative Systematic Literature Review  
 





OA is the commonest form of arthritis in the world, and affects the knees, hips, 
hands or spine. Knee and hip OA in particular are chronic conditions associated with 
pain and reduction in physical function, leading to a significant impact on the 
physical and psychosocial well being of subjects (Sharma and Felson, 1998). Not 
surprisingly therefore, OA is a leading cause of disability worldwide, particularly in 
the elderly (Satkunananthan, 2003). In the past two decades, it has been increasingly 
recognized that a key outcome measure for health care interventions for OA, as for 
many other conditions, is HRQoL. HRQoL has been defined as the subjective 
assessment of the impact of disease and treatment across the physical, psychological, 
social, and somatic domains of functioning and well being (Revicki et al., 2000). This 
is especially germane for OA, where most available therapies target symptoms rather 
than modifying the underlying disease process (Hochberg MC et al., 1995a; 
Hochberg MC et al., 1995b; Revicki et al., 2000). Determining the effectiveness of 
such therapies therefore rests on assessing improvements in HRQoL of OA subjects, 
as commonly used clinical laboratory tests are not able to provide such information. 
HRQoL is also an important endpoint in addition to quantitative measurements of 
joint space narrowing (JSN) in the assessment of possible disease modifying agents in 
OA, as illustrated by several randomized clinical trials (RCTs) of glucosamine 
sulphate in OA (Pavelka et al., 2002; Reginster et al., 2001) which showed 
improvements in HRQoL in subjects treated with glucosamine.  
 




Currently, three broad categories of HRQoL instruments are used to measure 
functional outcomes in subjects with OA: OA-specific instruments, “rheumatology-
specific” instruments adapted for use in OA subjects, and generic, non-disease 
specific instruments (Strand and Kelman, 2004). These categories of instruments 
complement each other: OA-specific and “rheumatology-specific” instruments 
measure domains/items of importance in OA, while generic instruments allow 
comparison of functional outcomes in OA with other chronic conditions. However, 
each of these instruments (with a few exceptions, e.g. the WHOQOL instruments 
(World Health Organization, 1998)) was developed in one socio-cultural context, 
based partially on domains and items reported by subjects (Bellamy et al., 1988; 
Guillemin et al., 1997; Lequesne, 1991; Lequesne et al., 1987; Lequesne, 1997; 
Meenan et al., 1992; Roos et al., 1998b; Roos et al., 1998a). Such instruments are 
increasingly being applied to measure HRQoL in OA subjects in many other socio-
cultural contexts. Therefore, despite having demonstrated good psychometric 
properties in these different socio-cultural contexts, some concerns remain about the 
relevance of these instruments because the nature and importance of domains (and 
items within these domains) in subjects with OA may vary in different socio-cultural 
contexts. For instance, difficulty with taking a bath was considered as important by 
Canadian OA subjects (Wright et al., 2000), while roughly 40% subjects in Sweden 
ranked it as unimportant (Klassbo et al., 2003).  
 
Assessing the domains/items of HRQoL for OA subjects is also crucial for 
assessing equivalence of various translations of a given HRQoL instrument. 




Herdman’s model to evaluate cross-cultural equivalence includes 5 types of 
equivalence, namely, conceptual, item, semantic, operational, and measurement 
equivalence (Herdman et al., 1998). Conceptual equivalence emphasizes the key role 
of identifying important domains/items of HRQoL in the cross-cultural adaptation 
process. As suggested by Herdman et al, conceptual equivalence can be achieved 
when the questionnaire demonstrates the same relationship to the underlying concept 
in both cultures, primarily in terms of domains included and the emphasis placed on 
different domains. Measuring conceptual equivalence is at times not extensively 
performed in traditional validation studies and needs a broader type of study (e.g. 
focus group study) to explore the ways in which different populations conceptualize 
and weigh different domains of HRQoL (Guillemin et al., 1993; Herdman et al., 
1998). For example, a review of the literature found that up to 67% of publications on 
cross-cultural adaptation of HRQoL measures failed to report on conceptual 
equivalence (Bowden and Fox-Rushby, 2003). This is a concern, given that a HRQoL 
instrument in which some domains/items are not important for subjects in a given 
socio-cultural context is less likely to detect the true impact of a disease on HRQoL. 
Importantly, this may result in false negative results in a clinical trial, where real 
differences may not be detected because the domains/items which are important for 
subjects are not assessed by the HRQoL instruments used.  
 
In the context of OA clinical trials, disease-specific HRQoL instruments are 
currently in widespread use as primary or secondary outcome measures (recently 
reviewed by Strand and Kelman (Strand and Kelman, 2004)) and recommended by 




various groups and authorities including OMERACT (Bellamy et al., 1997), OARSI 
(Altman et al., 1996), and the US Food and Drug Administration (FDA, 1999). It is 
therefore important, especially for multicenter clinical trials conducted in various 
socio-cultural contexts, to identify important domains/items of HRQoL in subjects 
with OA from these socio-cultural contexts. This could lead to substantial 
improvements in the performance of instruments in such clinical trials by increasing 
their comparability, validity, and sensitivity. This could also lead to reductions in the 
sample size requirements (and thus cost) for such studies, and may also reduce the 
time spent by and burden on subjects if the number of items in these instruments 
could be reduced. 
 
Therefore, in order to measure HRQoL in subjects with OA of the hip or knee 
in various socio-cultural contexts, it is first necessary to identify domains/items of 
HRQoL that are important for these subjects. This task needs to take into account the 
possibility that some domains/items of HRQoL may vary in importance in different 
socio-cultural contexts, while some other domains/items may be important 
universally. However, to date there has been a paucity of information on which 
domains and items within these domains are constant or vary in importance across 
different socio-cultural contexts in subjects with OA of the hip or knee. Our aims in 
this study were therefore twofold.  First, to identify and summarize the existing 
literature on the domains/items that are important for subjects with OA of the hip or 
knee in various socio-cultural contexts. Second, to critically evaluate existing OA-
specific HRQoL instruments based on these important domains/items identified. 





Literature Search Strategy 
We identified potentially relevant articles from the literature using two 
overlapping strategies adapted from those proposed by Counsell (Counsell, 1997). 
The strategies employed were: (1) search of several electronic databases (see below); 
and (2) manual search of rheumatology and orthopaedic journals (January 2000 to 
March 2004), “Quality of life” (QoL) journals (i.e. journals which generally 
published articles on QoL), textbooks, and bibliographies of articles selected for 
fulltext review. Non-English publications were included in the search strategy as 
these were more likely to describe work in different socio-cultural contexts.   
 
The electronic databases searched were Medline (1966-Feb 2004), PsycINFO 
(1967-Jan 2004), ISI Web of Knowledge (ISI) which included Web of Science (1988-
2004), Current Contents Connect (2002-2004) and Proceedings (2002-Feb 2004), and 
the Cochrane Library. Based on the aims of this study and a review of the literature, 
we used two overlapping keyword search strategies to retrieve articles (summarized 
in Table 2.1). The first strategy was to use knee osteoarthritis or hip osteoarthritis as 
free text terms (topic/subject for PsycINFO and ISI), each combined with other terms 
which were selected to retrieve as many relevant articles as possible (i.e. MeSH 
headings, key words from articles identified in the literature, and key words from 
articles identified using a pilot literature search). The second strategy was to use 
names of arthritis- or OA-specific instruments as free text terms (topic/subject for 
PsycINFO and ISI).  




Table 2.1. Search Strategies  
 
 
Electronic Database Search  
     
Strategy I 
        (Osteoarthritis) AND (knee OR hip)  
           AND   quality of life  
           AND   health-related quality of life 
           AND   outcome measure* 
           AND   outcome assessment 
           AND   clinical outcome 
           AND   (pain OR function* OR disability OR symptom*)† 
           AND   functional disability 
           AND   disable 
           AND   disability evaluation 
           AND   self-perception 
           AND   preference 
           AND   priority 
           AND   psychosocial  
           AND   social support 
           AND   focus group 
           AND   qualitative research 
           AND   dimensionality 
           AND   item 
         
Strategy II (The first five instruments are the osteoarthritis-specific, the    
    other instruments have been adapted for use in osteoarthritis) 
            Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 
            Lequesne Algofunctional Index (LAI) 
            Knee injury and Osteoarthritis Outcome Score (KOOS) 
            Hip disability and Osteoarthritis Outcome Score (HOOS) 
            Patient-Specific Index (PASI)‡ 
            McMaster Toronto Arthritis Patient Preference Disability Questionnaire  
            Arthritis Impact Measurement Scales (AIM) 
            Arthritis Impact Measurement Scales 2 (AIM-2) 












    Journals║ 
            Rheumatology journals 
                 Arthritis and Rheumatism 
                 Current Opinion in Rheumatology 
                 Annals of the Rheumatic Diseases 
                 Arthritis Research 
                 Rheumatic Diseases Clinics of North America 
                 Rheumatology(Oxford) 
                 Journal of Rheumatology 
            Orthopaedic journals 
                 Osteoarthritis & Cartilage 
                 Spine 
                 Journal of Bone and Joint Surgery American volume 
                 Journal of Orthopaedic Research  
                 Arthroscopy 
           Quality of life journals 
                 Medical Care 
                 Quality of Life Research 
                 Health and Quality of Life Outcomes 
                 Value in Health 
 
    Textbooks 
                 Oxford Textbook of Rheumatology (2nd ed) 
                 Kelley’s Textbook of Rheumatology (all editions) 
                 Rheumatology (3rd ed) 
                 Osteoarthritis 
 
* Wildcard character used to expand the search. †This strategy was used in 
conjunction with the Medline limit function to select articles relating to humans, 
adults aged 19 years and over and excluding clinical trials, randomized controlled 
trials, letters, and practice guidelines. ‡ Patient-Specific Index AND Osteoarthritis 
was used as a search strategy as too many irrelevant articles were identified using 
only Patient-Specific Index. §Health Assessment Questionnaire AND (develop* OR 
preference) was used as a search strategy because we were interested only in 
domains/items elicited from subjects during the instrument development process. 
║Ranked according to 2002 impact factor.    
 




We manually searched the top 7 rheumatology and top 5 orthopaedic journals 
ranked by 2002 impact factor, and 4 selected “QoL” journals. As 2 of the top 5 
ranked rheumatology journals published mainly review articles, we included the sixth 
and seventh ranked rheumatology journals so that there would be 5 rheumatology 
journals publishing original research articles included in the manual search (all listed 
in Table 2.1). A total of 15,844 articles were published in these 16 journals in the 
period from January 2000 to March 2004, which made it impractical to scan all of 
these manually. We therefore adopted a 3-pronged strategy by scanning the titles and 
abstracts of (1) all articles published in 3 top-ranked rheumatology and orthopaedic 
journals, and 4 “QoL” journals (n=8,694); (2) all articles from the 6 remaining 
rheumatology and orthopaedic journals which included “arthritis” as a key word 
(n=3,168); and (3) all articles in randomly selected issues from top 7 rheumatology 
and top 5 orthopaedic journals (i.e. 60 issues, one issue each year for each journal) in 
order to determine if some potential articles might have been missed by the second 
strategy. We also manually searched 4 selected standard reference textbooks (see 
Table 2.1) and bibliographies of the 77 articles selected for fulltext review. 
 
Selection of Articles for Qualitative Systematic Review 
Abstracts of all articles identified from electronic databases were downloaded 
to Reference Manager Version 10 and checked for duplication. The titles and 
abstracts of all these articles from electronic search (n=8,906) and manual search 
(n=11,862) were reviewed by the candidate (FX) to identify potentially relevant 
articles based on pre-defined inclusion and exclusion criteria (listed in Table 2.2). To 




ensure that all relevant articles would be identified, any article that appeared to be 
relevant was selected. 
 
The above process (based on a review of title and abstracts of articles) 
identified 77 articles which potentially fulfilled criteria for inclusion in the systematic 
review. The full texts of these 77 articles were reviewed independently by two 
researchers  (FX and JT) using the same predefined inclusion and exclusion criteria to 
identify articles for synthesis in the literature review, with any difference in 
assessment resolved by reaching a consensus.   
 
Table 2.2. Selection Criteria for Articles for Inclusion in the Review 
 
Inclusion Criteria 
1) Study subjects included subjects with OA of the hip and/or 
knee.  
2) Disease under study included OA of the hip and/or knee. 
3) Inclusion of information on domains and/or items of relevance 
and importance to subjects with OA of the hip and/or knee 
from subjects’ own perceptions through focus groups, patient 
interviews with open-ended questions, or subjects’ ratings of 
importance of stated domains/items. 
 
Exclusion Criteria 
1) Articles only assessing subjects with other forms of arthritis 
(e.g. rheumatoid arthritis). 
2) Articles only studying subjects with OA of joints other than 
the hip or knee. 
3) Instruments only assessing OA in joints other than the hip or 
knee.  
4) Articles on HRQoL of OA subjects which did not evaluate 
subjects’ preference or self-report of domains/items of 
importance. 
 





Identification of Potentially Relevant Articles 
The electronic database search of Medline, PsycINFO, ISI and the Cochrane 
Library using two overlapping search strategies yielded a total of 8,906 articles for 
title and abstract review. After reviewing the titles and abstracts of these articles, 72 
potentially relevant articles were selected for full-text review. The manual search 
yielded a total of 5 additional potentially relevant articles which had not been 
identified through the electronic database search. The manual search of 16 journals 
utilizing the 3-pronged strategy outlined earlier encompassed 11,862 articles, the 
titles and abstracts of which were reviewed, yielding 2 potentially relevant articles 
which had not been identified through the electronic database search. Reassuringly, a 
manual search of 60 issues of the 12 rheumatology and orthopaedic journals did not 
identify any additional articles, suggesting that the 3-pronged manual search strategy 
had identified the majority of relevant articles. The manual search of textbooks and 
bibliographies identified 1 and 2 potentially relevant articles, respectively, which had 
not been identified through the electronic database search (see Figure 2.1).    
 
The various search strategies thus identified a total of 77 potentially relevant 
articles for fulltext review. Of which, 15 articles fulfilled inclusion criteria and were 
included in the literature synthesis. The remaining 62 articles were excluded: 60 
articles did not elicit OA subjects’ preferences for important domains/items of health; 
2 articles did not state the type of arthritis assessed (although relevant information 
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                                                                    15 articles fulfilling inclusion criteria  
* Numbers refer to references identified unless otherwise stated. †Numbers after checking for duplication using Reference Manager. 
‡All timeframes of manual search in journals are January 2000 to March 2004. §Top 3 ranked rheumatology and top 3 ranked 
orthpaedic journals plus 4 “QoL” journals. ║Top 5 ranked orthopaedic journals and top 7 ranked rheumatology journals because two 
of the top 5 ranked rheumatology journals published mainly review articles so we included top sixth and seventh ranked rheumatology 
journals which publish original articles. ¶ Not identified in electronic database search. ISI: ISI Web of Knowledge. 26




• Journals (n=11,862) 
    All articles from 10 journals§ (n=8,694) 
    All articles identified using “arthritis” as a  
      key word in remaining 6 journals (n=3,168) 
    All articles randomly selected from 60 issues 
      in 12 journals║ 
• Bibliographies of all fulltext review articles     
(n=77)   
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Categorization of Studies Fulfilling Inclusion Criteria 
The 15 articles fulfilling inclusion criteria described research on 
domains/items of health of importance in subjects with OA of the hip or knee either 
as a primary focus of the study or one of the major components. The majority of the 
studies were conducted in English in the USA and Canada (n=4 each), the United 
Kingdom (n=2), Ireland (n=1), with 2 each in French and Swedish. As shown in 
Table 3, information on domains/items of importance was derived from focus groups 
in 1 study (Tallon et al., 2000), patient interviews with open-ended questions in 6 
studies (Bellamy and Buchanan, 1986; Klassbo et al., 2003; O'Malley et al., 2003; 
Roos et al., 1998b; Wright et al., 1994; Wright and Young, 1997), both focus groups 
and patient interviews with open-ended questions in 1 study (Rat et al., 2005), open-
ended individualized instruments in 4 studies (Bayle et al., 2000; Lieberman et al., 
2003; O'Boyle et al., 1992; Tully and Cantrill, 2000), and subjects’ ratings of 
importance to domains/items in existing HRQoL instruments in 3 studies (Barr et al., 
1994; Bellamy et al., 1991; Kwoh and Ibrahim, 2001).    
 
Domains of Importance 
Pain was the most important domain in all but 2 studies (which used the 
Schedule for the Evaluation of Individual Quality of Life (SEIQoL)) (Bayle et al., 
2000; O'Boyle et al., 1992). Similarly, physical disability was identified as another 
important domain in all but 2 studies, one of which focused exclusively on the 
domain of pain (O'Malley et al., 2003), the other not providing any information on 




physical disability (O'Boyle et al., 1992). Other symptoms of OA, mental health, and 
social health were identified as important in 8 studies. Sports/recreational activities 
was found to be important in 6 studies. Knee/hip-related quality of life was important 
only in the studies conducted in Sweden (Klassbo et al., 2003; Roos et al., 1998b)(see 
Table 2.3).  
 
Items of Importance 
The important items contributing to each domain of HRQoL in subjects with 
OA of the hip or knee varied from country to country. The assessment of the 
importance of individual items was hampered by the fact that information for each 
item in a given domain was often assessed in one or more countries, but seldom in 
every country included in this review. The items of importance for each country were 
listed in Table 2.4 and summarized below. Two studies (O'Boyle et al., 1992; Rat et 
al., 2005) did not provide information on important items and thus were excluded 
from the following summary. 
 
Pain (assessed in 4 countries, not France): Subjects in Sweden and Canada 
reported that pain when performing certain activities (e.g. knee bending, walking) 
was important, while subjects in the USA and UK reported that being free of pain was 
important (this item was assessed in these 2 countries only). Physical disability 
(assessed in 5 countries): Home activities were considered as important across all 5 
countries. Gardening, walking, and bending were important in 4 countries. The 
majority of the items contributing to physical disability (16 out of 21) were identified 




as important in two or three countries. Writing was only reported as important in the 
UK. Sports/recreational activities (assessed in 5 countries): Dancing, sports activities, 
and restriction in leisure activities were important in various countries. Bowling was 
only important in the USA and UK. The remaining items were important in either 
Sweden or France. Other symptoms of OA (assessed in 4 countries, not France): 
Symptoms of OA have been studied especially in Sweden as compared to other 
countries, where 9 out of 12 items were seen as important by subjects in Sweden. 
Limp, unequal limb length, and morning stiffness were reported as important in the 
USA and Canada. Mental health (assessed in 4 countries, not Sweden): Important 
items within this domain have been most studied in the USA and Canada. Feelings of 
helplessness, happiness, satisfaction, and hope were commonly important in the USA 
and Canada, while depression and lack of sleep were important in the UK and Canada, 
and anxiety/worry was important in the UK and France. Social health (assessed in 3 
countries, not Sweden and UK): Important items in this domain were addressed in 
studies conducted in the USA, France and Canada, where working and relations with 
friends were important in all three countries. Relations with spouse and family, 
decreased socializing, and religious activities were important in the US and Canada. 
Knee/hip-related quality of life (assessed only in Sweden): This domain aims to 
evaluate the general health status of such subjects, and was only studied in Sweden, 
where awareness, modification made to avoid the disease, lack of confidence, and 
general difficulty were reported as important. 
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Relevance of OA-Specific Instruments in Various Socio-Cultural Contexts 
Five OA-specific instruments used in HRQoL measurement of subjects with 
OA of the hip or knee (full names listed in Table 2.1) were selected for review: the 
WOMAC and LAI because they are very commonly used instruments, the KOOS and 
HOOS because they incorporate the WOMAC and additionally measure other 
domains of HRQoL, the PASI because it is an individualized HRQoL measure. The 
coverage by each instrument of important domains/items in OA differed somewhat, 
as detailed in Table 2.4 and summarized below. Pain is assessed by all instruments. 
Of 16 pain items, 9 items each are included in the KOOS and HOOS, 5 in the 
WOMAC, 4 in the LAI and 2 in the PASI. Physical disability is also assessed by all 
instruments. Of 21 physical disability items, 14 are included in the WOMAC, KOOS, 
and HOOS, 13 in the PASI and 9 in the LAI. Sports/recreational activities is assessed 
by all instruments but the WOMAC. Of 14 items within this domain, 5 items each are 
included in the KOOS and HOOS, 1 item each in the LAI and PASI. Other Symptoms 
of OA are assessed by all instruments. Of 12 items, 9 are found in the KOOS and 
HOOS, 4 in the PASI, 2 in the WOMAC, and 1 in the LAI. Social health and Mental 
health are measured only by the PASI, which includes 1 and 3  items, respectively. 
Knee/hip-related quality of life is measured only by the KOOS and HOOS (4 of 4 
items).  
  
    Table 2.4. Important HRQoL Domains & Items Categorized by Country and Compared with Five OA-Specific Instruments 
 Items identified as important by country  Items identified as important by instrument 
 USA UK Sweden France Canada  WOMAC KOOS HOOS PASI LAI 
Pain            
Night pain + - - - +  + + + + + 
Daytime pain + - - - +  - - - + - 
Achy and sore pain + - - - -  - - - - - 
Free of pain + + - - -  - - - - - 
Pain severity + - - - -  - - - - - 
Pain intensity + - - - -  - - - - - 
Pain duration + - - - -  - - - - - 
Frequency of pain - - + - -  - + + - - 
Twisting/pivoting on knee - - + - -  - + + - - 
Straightening knee fully - - + - -  - + + - - 
Bending knee fully - - + - +  - + + - - 
Walking  - - + - +  + + + - + 
Climbing stairs - - + - +  + + + - - 
Strenuous exercise - - - - +  - - - - - 
Standing upright - - + - +  + + + - + 
Sitting/lying - - + - +  + + + - + 
Physical disability            
Standing  + - + - +  + + + + - 
Toilet activities + - + - +  + + + + + 
Climbing stairs + - + - +  + + + + + 
Housekeeping activities + + + + +  + + + - - 
Gardening + + + + -  - - - - - 
Walking  + + + - +  + + + + + 
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           Table 2.4. Important HRQoL Domains & Items Categorized by Country and Compared with Five OA-Specific Instruments 
             (continued) 
 Items identified as important by country  Items identified as important by instrument 
 USA UK Sweden France Canada  WOMAC KOOS HOOS PASI LAI 
Putting on/taking off shoes/socks + - + - +  + + + + + 
In/out of bed + - + - +  + + + - - 
In/out of car - - + - +  + + + - + 
Driving - + - - +  + + + + - 
Public transportation + - - - +  - - - + - 
Bending - + + - +  + + + + + 
Sitting  + - + - +  + + + + + 
Rising from sitting - - + - +  + + + - + 
Sexual activities + - - - +  - - - + - 
Use of walking aids + - - - +  - - - + + 
Bathing + - + + +  + + + + - 
Mobility  - + - + -  - - - - - 
Writing  - + - - -  - - - - - 
Taking medications + - - - +  - - - + - 
Sports/recreational activities            
Bowling + + - - -  - - - - - 
Dancing - + - + +  - - - - - 
Sports activities + + - + -  - - - - - 
Squatting  - - + - -  - + + - + 
Running - - + - -  - + + - - 
Jumping - - + - -  - + + - - 
Turning/twisting - - + - -  - + + - - 
Kneeling - - + - -  - + + - - 
Playing games - - - + -  - - - - - 
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            Table 2.4. Important HRQoL Domains & Items Categorized by Country and Compared with Five OA-Specific Instruments        
(continued)  
            Items identified as important by country  Items identified as important by instrument 
 USA UK Sweden France Canada  WOMAC KOOS HOOS PASI LAI 
Traveling - - - + -  - - - - - 
Reading  - - - + -  - - - - - 
Caring for animals  - - - + -  - - - - - 
Restriction in leisure activities + - - + +  - - - + - 
Other symptoms of OA            
Limp + - - - +  - - - + - 
Swelling  - + + - -  - + + - - 
Clicking - + + - -  - + + - - 
Cracking  - + - - -  - + + - - 
Grinding  - - + - -  - - - - - 
Knee/hip: catch up when moving - - + - -  - + + - - 
Knee/hip: hang up when moving - - + - -  - + + - - 
Straightening knee/hip fully - - + - -  - + + - - 
Unequal limb lengths + - - - +  - - - + - 
Bending knee/hip fully - - + - -  - + + - - 
Morning stiffness + - + - +  + + + + + 
Stiffness after sitting/lying/resting - - + - +  + + + + - 
Mental health            
Feelings of helplessness + - - - +  - - - + - 
Making decisions + - - - -  - - - - - 
Feelings of happiness + - - - +  - - - - - 
Feelings of satisfaction + - - - +  - - - - - 
Fear of falling - - - - +  - - - + - 
Feelings of hope + - - - +  - - - - - 
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            Table 2.4. Important HRQoL Domains & Items Categorized by Country and Compared with Five OA-Specific Instruments   
            (continued) 
 Items identified as important by country  Items identified as important by instrument 
 USA UK Sweden France Canada  WOMAC KOOS HOOS PASI LAI 
Rating situation regarding pain + - - - -  - - - - - 
Anxiety/worry  - + - + -  - - - + - 
Depression - + - - +  - - - - - 
Sleepless  - + - - +  - - - - - 
Confidence in mobility - + - - -  - - - - - 
Tranquility - - - + -  - - - - - 
Self-sufficiency - - - + -  - - - - - 
Disturbed sense of well-being - - - - +  - - - - - 
Boredom - - - - +  - - - - - 
Irritability  - - - - +  - - - - - 
Social health            
Working  + - - + +  - - - + - 
Being listened to - - - + -  - - - - - 
Relations with spouse + - - - +  - - - - - 
Relations with family + - - - +  - - - - - 
Relations with friends + - - + +  - - - - - 
Relations with others - - - - +  - - - - - 
Adherence to moral principles - - - + -  - - - - - 
Decreased socializing + - - + -  - - - - - 
Religious activities - - - + +  - - - - - 
Knee/hip-related quality of life            
Awareness of the problem - - + - -  - + + - - 
Modification to avoid the problem - - + - -  - + + - - 
Trouble with lack of confidence - - + - -  - + + - - 
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We found in this systematic review of the published literature that pain, 
physical disability, sports/recreational activities, other symptoms of OA, mental 
health, social health, and knee/hip-related quality of life were important HRQoL 
domains for subjects with OA of the hip or knee. Importantly, the existing literature 
showed that items contributing to each of these domains varied across countries, with 
the exception of items contributing to physical disability. Another important finding 
was the paucity of information on this important topic, with only 15 relevant studies 
identified which were performed in only 6 countries and 3 languages, all of which fell 
into the general framework of a western socio-cultural context. Since the way that 
different populations conceptualize health and HRQoL may be influenced by their 
socio-cultural backgrounds, it is unclear whether the domains/items identified as 
important in these 15 studies would also be important in other socio-cultural contexts.  
Similar studies conducted among subjects with OA of the hip or knee in a wide 
variety of socio-cultural contexts are therefore needed to provide an accurate and 
comprehensive picture of the impact of knee or hip OA, a common and disabling 
disease occurring around the world. Such studies would also help to identify the most 
appropriate OA-specific instruments for use in a given socio-cultural context, or for 
multi-national or multi-lingual studies, especially clinical trials. 
 
 An important observation in this study was that some items in physical 
disability domain were important in all countries, while items in other domains varied 
in importance from country to country. Items related to housekeeping activities within 
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the domain of physical disability were reported as important in all countries, possibly 
because some activities of daily living are universally important regardless of the 
socio-cultural contexts. This observation, if confirmed, would lend support to the 
notation that it may be possible to identify a list of “core” domains/items which are 
important in the majority of socio-cultural contexts, which would thus allow 
comparison of HRQoL of OA subjects across different socio-cultural contexts. In 
contrast, items from the other domains of HRQoL were identified as important in 
some, but not other countries. This may reflect the fact that the impact caused by knee 
or hip OA depends to a large degree on the subjects’ lifestyle, which is significantly 
influenced by socio-cultural factors. For example, bathing may be important for some 
subjects with OA of the hip or knee, but would not be relevant in some place where 
bathing is uncommon (e.g. Tibet). These findings suggest that in measuring HRQoL 
in subjects with OA of the hip or knee, it may be useful to identify and measure both 
“core” domains/items (which are universally important) and “non-core” 
domains/items (which are important in a given socio-cultural context) from 
perspective of subjects. This is especially germane in RCTs as highlighted in a recent 
review by Strand and Kelman (Strand and Kelman, 2004). The derivation of the 
minimum clinically important differences (MCID) from ‘core’ domains/items would 
allow meaningful and valid comparisons of efficacy of various treatments for OA in 
RCTs conducted in various socio-cultural contexts. On a related note, “non-core” 
domains/items could be included in RCTs conducted in socio-cultural contexts where 
these “non-core” domains/items have been shown to be important to subjects with 
OA. This approach merits further research, as it could potentially improve the 
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sensitivity to change of HRQoL instruments in these socio-cultural contexts, possibly 
leading to smaller sample size requirements and reducing the cost and recruitment 
period for such RCTs (Angst et al., 2001).    
 
Based on the results of this systematic review, we had hoped to identify which 
OA-specific HRQoL instruments might be more suitable for use in a given socio-
cultural context. However, this was not possible given the paucity of literature on 
domains/items of HRQoL of importance in varying socio-cultural contexts. Thus, 
although the PASI included more domains of importance and the KOOS/HOOS 
included more items of importance when compared to other OA-specific instruments, 
the limited number of studies (n=15), countries, and languages which provided 
information on the domains/items of importance did not allow any conclusions to be 
drawn. Additionally, 8 of the 15 studies meeting inclusion criteria reported 
developmental work for one of these five instruments (3 PASI, 3 WOMAC, 1 each 
KOOS and HOOS), and it would be rather circular to base an assessment of 
suitability of an instrument on work reporting development of the same instrument.   
 
 To the best of our knowledge, this is the first review to identify the important 
domains/items perceived by subjects with OA of the hip or knee. Several issues 
arising from our findings could be addressed in future research. First, additional 
research is needed to determine which domains/items of HRQoL are important for 
subjects with OA of the hip or knee in a wide variety of socio-cultural contexts for 
reasons stated previously. Second, the presence (or absence) of “core” domains/items 
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which are universally present in such subjects needs to be determined to guide the 
selection of OA-specific instruments for use in multi-national clinical trials and 
cohort studies. Third, as most OA-specific instruments do not measure mental health 
and social health (the exception, the PASI includes only a few items), it needs to be 
determined whether these domains should be incorporated into OA-specific 
instruments or measured by a complementary generic instrument administered 
together with a disease-specific OA instrument.  We would favor the second approach 
because it builds on existing instruments. However, the relative merits of both 
approaches need to be studied empirically.  
 
In conclusion, a surprisingly sparse literature (summarised in this review) 
reports important HRQoL domains/items from the perspective of subjects with knee 
or hip OA. Additional studies are needed to determine the domains/items of 
importance for these subjects in a variety of socio-cultural contexts, and to confirm 
that OA-specific HRQoL measures are truly accurate and comprehensive when 
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What Health Domains & Items Are 
Important to Subjects with Knee 
Osteoarthritis? A Focus Group Study in a 
Multiethnic Urban Asian Population 





Since health-related quality of life (HRQoL) was recognized as one of the 
important health outcome measures in OA, several instruments (e.g. the Western 
Ontario and McMaster Universities Osteoarthritis Index, WOMAC) have been 
specifically developed to measure the HRQoL of subjects with knee or hip OA and 
have been widely used in clinical trials and cohort studies of subjects with OA 
(Bellamy et al., 1988; Lequesne, 1991; Roos et al., 1998b). These instruments were 
developed in one socio-cultural context and have been extensively applied in other 
socio-cultural contexts with the assumption that important domains of health (e.g. 
pain) and items within each domain (e.g. pain when walking) are of similar 
importance across these different contexts. However, this assumption needs to be 
empirically tested and proven, as it does not always hold true. For example, studies 
have shown that different ethnic groups vary in their perception of joint pain, possibly 
due to differing pain coping strategies and control beliefs (Ibrahim et al., 2003; 
Jordan et al., 1998; Thumboo et al., 2002). Similarly, physical disability of OA 
subjects has been shown to vary among ethnic groups because factors associated with 
physical disability also vary by ethnic group (Jordan et al., 1996). Psychological 
wellbeing can also be affected in subjects with knee OA because this condition 
affects the ability to perform social roles. The degree of impact on psychological 
wellbeing depends on the importance of these social roles, which have been valued 
differently by different ethnic groups (Abraido-Lanza, 1997). These observations 
highlight the need to take into account the impact of varying socio-cultural contexts 
in determining which domains and items of HRQoL are important for knee OA 




subjects. The need for this has been further highlighted by previous systematic 
literature review which showed that though domains of HRQoL of importance in 
subjects with knee or hip OA were similar in western socio-cultural contexts, the 
items within each domain varied among these socio-cultural contexts (see Chapter 2). 
Importantly, only 15 studies assessing important domains and items from a patient 
perspective were identified, all of which were performed in western socio-cultural 
contexts (see Chapter 2). This underscores the need for such research in a wide 
variety of socio-cultural contexts to determine if existing HRQoL instruments 
adequately measure domains and items of importance for subjects with OA in these 
contexts.  
 
In the cross-cultural validation of HRQoL instruments for knee OA, 
quantitative methods have been widely applied by testing the performance of these 
instruments in terms of psychometric properties such as reliability and validity. These 
methods are necessary but by themselves insufficient because they do not determine 
how important and relevant the content of a given instrument is in a target socio-
cultural context. Qualitative methods (such as asking, observing, and interpreting) 
address these issues by capturing the perspective of individuals regarding the impact 
of chronic diseases, which may not be adequately assessed using quantitative 
techniques (Charmaz, 2000; Holman, 1993).  Such methods are also useful in 
understanding the impact of socio-cultural factors on health issues (Baum, 1995) and 
thus interpreting the variations in performance of different instruments or the same 
instrument in different socio-cultural contexts.  




Singapore is an ideal setting to conduct such a qualitative study because of its 
multiethnic Chinese, Malay, and Indian populations, representing 3 major ethnic 
groups worldwide. This would allow identification of domains and items of common 
importance across 3 ethnic groups as well as those which differ in importance among 
these ethnic groups.  
 
We therefore conducted a focus group study among Chinese, Malay and 
Indian subjects with knee OA in Singapore to determine (1) the important HRQoL 
domains and items within each domain affected by knee OA among 3 ethnic groups, 
(2) ethnic variations in the importance of these domains and items, and (3) how 
identified domains and items mapped onto selected OA-specific HRQoL instruments. 
We elected to use focus group methodology as this incorporates elements of 
participant observation and individual interviews (two well-known approaches to 
collect qualitative data) while maintaining its own uniqueness as a distinctive 
research method (Morgan, 1988). A focus group is a carefully planned discussion 
among selected individuals on specific topics in a permissive and comfortable 
environment (Krueger, 1988; Vaughn et al., 1996). It encourages participation by all 
participants through dynamic group interaction (Kitzinger, 1994; Kitzinger, 1995), 
facilitates in-depth discussions, provides rich and detailed data about perceptions, 
feelings, and thoughts of participants in their own words (Rice and Ezzy, 1999) and is 
more sensitive to social-cultural variables because of flexibility in the forms of 
communication (Kitzinger, 1995). Although focus groups have been applied in 
studying HRQoL in a variety of conditions including chronic pain (Strong and Large, 




1995) and asthma (Hyland, 1991), few such studies have been performed in knee OA 
(Rat et al., 2005; Tallon et al., 2000).  
 
METHODS 
Recruitment of Subjects 
Subjects were recruited from databases maintained by the Departments of 
Rheumatology & Immunology and Orthopaedic Surgery in the Singapore General 
Hospital, a tertiary referral hospital in Singapore. All subjects were diagnosed with 
knee OA by their attending rheumatologist or orthopaedic surgeon, based on clinical 
and radiographic features, and had not undergone knee surgery at the time of focus 
group attendance. Written informed consent was obtained from participating subjects 
for this Institutional Review Board (IRB) approved study.  
 
Format of Focus Groups 
We planned the number and composition of focus groups in this study based 
on several considerations. First, males and females may interact differently in mixed-
gender as opposed to same-gender groups (Breakwell et al., 2000; Greenbaum, 1998; 
Stewart and Shamdasani, 1990). Second, subjects from different ethnic groups might 
have different preferences for important HRQoL domains and items, even if they 
share similar socio-cultural backgrounds. Third, subjects in a given ethnic group 
might speak their mother tongue and/or English. These considerations led us to place 
subjects of similar gender, ethnicity, and language spoken in a given focus group to 
facilitate interaction. Ideally, there would be thus 4 focus groups for each ethnic 




group (English-speaking males and females, native language-speaking males and 
females, respectively). We were able to conduct these planned focus groups with the 
exception of those for Malay and Indian males because there were few Malay and 
Indian males with knee OA identified despite extensive efforts. We also limited the 
group size to between 3 and 6 subjects in order to allow each subject ample 
opportunities to share their ideas while allowing a diversity of opinions (Krueger, 
1988).  
 
We followed the focus group procedure recommended by Kreuger et al 
(Krueger, 1988). One experienced moderator who was fluent in the language in which 
the focus group was conducted led each focus group with the assistance of two note-
takers. An open-ended question was asked ‘what are the most important ways 
osteoarthritis has impacted on your life in your own experience?’ To avoid imposing 
their own opinions on the subjects’ answers, moderators stimulated discussions 
among the subjects using questions based only on what the subjects had said. These 
questions consisted mostly of clarifications and probing for details (Greenbaum, 
1998). In each focus group, the moderator repeatedly emphasized that the topic of the 
discussion was the impact of OA per se. Towards the end of each focus group, 
subjects were asked to answer some structured open and close-ended questions. Each 
focus group lasted approximately two hours. All focus groups were audio-taped and 
transcribed verbatim, with subsequent translation into English for groups conducted 
in Chinese, Malay, or Tamil. In analyzing the data, we repeatedly and iteratively 




checked with the translators to ensure the accuracy of key concepts so that these were 
accurately conveyed in the English translations. 
 
Data Analysis 
Data analysis was performed by combining the key elements of grounded 
theory and content analysis (Morgan, 1988; Rice and Ezzy, 1999; Strauss and Corbin, 
1990).  First, as the main areas of impact of OA such as pain and physical disability 
have been well recognized and thus predefined in this study, open and sentence-by-
sentence rather than line-by-line coding (Strauss and Corbin, 1990) was performed by 
naming or defining concepts through close examination of the data. Provisional 
subcategories (i.e. items) and categories (i.e. domains) emerged either simultaneously 
or after re-reading the transcripts, around which similar events or incidences were 
grouped. These subcategories and categories were compared and integrated with 
those described in the literature on knee OA (see Chapter 2). Second, axial coding 
was employed with the aim of connecting subcategories and categories. During this 
process, existing and newly emerging subcategories and categories were verified 
and/or modified by re-reading the transcripts. Selective coding, a more abstract level 
of data analysis which aims to cover most data, was not performed as the highest 
level concept (i.e. HRQoL) in this study had already been predefined based on the 
study objectives. As recommended by Strauss et al (Strauss and Corbin, 1990), coding 
procedures were performed in sequence immediately after each focus group was 
conducted, which further directed and refined the conduct of subsequent focus groups. 
After completing all focus groups, theoretical sampling technique was conducted by 




comparing codes, subcategories (i.e. items), and categories (i.e. domains), identifying 
the gaps among them, and purposively collecting the data from the transcripts to fill 
in these gaps. This process of data analysis ended when no new data emerged which 
fit into the already identified subcategories and categories after serial review of the 
transcripts (i.e. “saturation”). Finally, based on the content analysis, we calculated the 
percentage (with the 95% confidence interval, 95% CI) of subjects within each ethnic 
group who indicated a given subcategory (i.e. item) or category (i.e. domain) was 
important. We empirically defined a 30% difference among ethnic groups as being 
clinically important so as to reduce overlapping between these 95% CIs while 
recognizing the constraints imposed by the relatively small number of subjects 
studied in qualitative research. The data were analyzed with the assistance of the 
qualitative software ATLAS/ti 5.0 (Scientific Software Development, Berlin, 
Germany), which utilizes a conceptual framework building on grounded theory. 
Additionally, we determined how identified domains and items mapped onto the 
WOMAC, Knee injury and Osteoarthritis Outcome Score (KOOS) (Roos et al., 1998a) 
and Lequesne Algofunctional Knee Index (LAI) (Lequesne et al., 1987) by tabulating 
items identified in this study against those included in each instrument.  
 
RESULTS 
Characteristics of Subjects 
Of 75 subjects identified from databases of subjects with OA at the Singapore 
General Hospital, 25 declined to participate for unstated personal reasons, 1 had 
passed away, and 8 with hand or shoulder OA were excluded. The remaining 41 




subjects participated in one of 9 focus groups conducted from August to November 
2004. Four groups were conducted in ethnic Chinese (separate groups for English and 
Chinese-speaking males and females), 2 in ethnic Malay females (separate groups for 
English and Malay speakers), 2 in ethnic Indian females (separate groups for English 
and Tamil speakers), and 1 in Malay and Indian males (conducted in English). The 
median number of subjects was 4 persons per group (range, 3-6 persons). As shown 
in Table 3.1, most subjects in all 3 ethnic groups were married, had received between 
7 and 10 years of education, were retired or homemakers, and had been diagnosed 
with knee OA for more than 5 years. Almost all Indian subjects (91%) were 
diagnosed with comorbid medical conditions, compared with 65% Chinese and 70% 
Malay subjects. 
   
Domains of Importance 
Five domains, namely, pain (n=21), physical disability (n=26), other 
symptoms of OA (n=8), mental health (n=14), and social health (n=5), were identified 
from the 74 items reported as important by at least one subject. All domains with the 
exception of social health were important for almost all subjects in the focus groups. 
More Malay than Chinese or Indian subjects indicated that the social health domain 
was important to them (Table 3.2).    
                                                                                                                                                                        




Table 3.1. Characteristics of Subjects (n = 41) 









     
Median age (range), years 65(55-82) 55(43-75) 64(41-84) 64(41-84) 
     
Female 11 (55) 8(80)*  8(73)* 27(66) 
     
Years of education     
    No formal education 4(20) 1(10) 1(9) 6(15) 
    1-6  5(25) 3(30) 1(9) 9(22) 
    7-10  10(50) 6(60) 6(55) 21(53) 
    >10  1(5) 0(0) 3(27) 4(10) 
     
Marital status     
    Single 5 (25) 0(0) 1(9) 6(14) 
    Married 11(55) 6(60) 7(64) 24(59) 
    Divorced 1(5) 1(10) 0(0) 2(5) 
    Widowed 3(15) 3(30) 3(27) 9(22) 
     
Retired/Homemaker 15(75) 6(60) 10(91) 31(76) 
     
Presence of comorbid 
medical conditions† 
13(65) 7(70) 10(91) 30(73) 
     
Years since diagnosed with 
osteoarthritis 
    
    ≤1  2(10) 2(20) 2(18) 6(15) 
    2-3  5(25) 2(20) 3(27) 10(24) 
    4-5  5(25) 2(20) 2(18) 9(22) 
    >5  8(40) 4(40) 4(37) 16(39) 
     
* Females were over represented because fewer Malay and Indian males were 
recruited despite extensive efforts.  
† Comorbid medical conditions included hypertension (n=18), diabetes (n=13), 
cardiovascular diseases (n=7), high cholesterol (n=6), cancer (n=3), gastric ulcer 
(n=1), ocular disease (n=1), thyroid nodules (n=1), cataract (n=1), and asthma (n=1). 




Table 3.2. Important Domains among Knee OA Subjects in Singapore 
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9(82)   
[59, 100] 
39(95) 
     
Mental health 15(75)        
[56, 94] 
8(80)    
[55, 100] 
11(100)   
[100, 100] 
34(83) 
     
Social health 5(25) 
[6, 44] 








Items of Importance 
Items most commonly reported as important in the domains of pain, physical 
disability, and other symptoms of OA were generally similar among Chinese, Malays, 
and Indians (with some exceptions). In contrast, items from the domains of mental 
and social health were important for a smaller proportion of subjects and showed 
more variability across ethnic groups (see Table 3.3). 
 
Items differing in importance among various ethnic groups (based on our a-
priori criteria of a 30% or more difference in prevalence among 3 ethnic groups) were 
as follows: Pain: More Malay or Indian than Chinese subjects indicated that pain 




when going up stairs and sitting down for a long period were important for them. 
Physical disability: More Chinese subjects reported difficulty when squatting down 
and walking after a period of inactivity compared with Malay subjects. Over one-
third Chinese subjects reported difficulty when rising from squatting for a long period 
as important, while no Indian subjects reported this problem. In contrast, more 
Malays, relative to Chinese or Indians, were concerned about difficulty when walking. 
More Indians reported difficulty when sitting for a long period and sitting on the 
ground as important compared with Chinese. For example, “I cannot sit on the floor 
anymore. At the temple, (I) can only sit on the steps with a cushion on the floor. . . my 
knees cannot take it if . . .I  sit on the floor.”  “. . . I cannot sit in one position for too 
long, even seated like this now.”  Other symptoms of OA: More Chinese and Malay 
subjects indicated clicking when moving knees was important than did Indian 
subjects. More Chinese than Malays were concerned about limping. In contrast, more 
Malays than Chinese or Indians were concerned about swelling and cracking when 
moving knees. More Indian subjects reported stiffness as important than Chinese or 
Malay subjects did. Mental health: More Indian subjects were concerned about 
mental health items such as sadness and anxiety/worry than subjects from the other 
two ethnic groups. Social health: Compared with Chinese and Indian subjects, more 
Malay subjects considered impact on religious activities as important to them. For 
instance, “Previously I went to the mosque twice a week but now only once a week 
because of the pain.” 
 
 




Mapping of Items and Domains to Osteoarthritis-Specific Instruments 
As shown in Table 3.3, of 74 items of importance, 14 mapped to the WOMAC 
from the pain (n=5), physical disability (n=8), and stiffness (n=1) domains. Twenty 
one items mapped to the KOOS from the pain (n=6), physical disability (n=10), 
stiffness (n=1), and symptoms (n=4) domains, and 12 items mapped to the LAI from 
the pain (n=5) and physical disability (n=7) domains. Of note, all 11 items in the LAI 
were reported as important by subjects, while 10 (of 24) WOMAC items and 21 (of 
42) KOOS items were not reported as important. In the physical disability domain, 
most of the items included in the 3 instruments were important across all 3 ethnic 
groups. In contrast, in the pain domain, items from the KOOS and WOMAC were 
important across all 3 ethnic groups (e.g. pain when walking, going upstairs and 
downstairs), while items from the LAI were important more frequently among Malay 
than Chinese or Indian participants (e.g. pain when walking or standing for a long 
period). In the other symptoms of OA domain, most of the items were included in the 
KOOS and were important across 3 ethnic groups.  




Table 3.3. Important Items within Each Domain among Knee OA Subjects in Singapore 
n (%)* 
[ 95% Confidence Interval ]† 











(n=41) WOMAC KOOS LAI 
        
Domain: Pain (n=21)        
Relief of pain 15(75) 8(80) 9(82) 32(78)    
Pain when walking  7(35) 6(60) 5(45) 18(44) + +  






17(41) + +  
Pain when going down stairs  6(30) 3(30) 3(27) 12(29) + +  
Pain when standing for a long period  6(30) 4(40) 2(18) 12(29)   + 
Pain when walking for a long period 5(25) 4(40) 2(18) 11(27)   + 








10(24)    
Pain when carrying heavy things 2(10) 2(20) 4(36) 8(20)    
Night pain 5(25) 1(10) 1(9) 7(17) + + + 
Pain when rising from sitting or  
    squatting for a long period 
3(15) 2(20) 1(9) 6(15)   + 
Pain when squatting down 1(5) 2(20) 2(18) 5(12)    
Pain when getting off a bus 2(10) 1(10) 0(0) 3(7)    
Pain when walking on uneven ground 3(15) 0(0) 0(0) 3(7)    
Pain when walking too fast 2(10) 0(0) 0(0) 2(5)    
Pain when getting on  a bus 1(5) 0(0) 1(9) 2(5)    
Pain when doing exercises 1 (5) 1(10) 0(0) 2(5)    
Pain when standing up immediately 
    after getting up in the morning 
1(5) 1(10) 0(0) 2(5)    
 
Pain when walking immediately after  
    sitting for a long period 
1(5) 0(0) 0(0) 1(2)    
Pain when bending 0(0) 0(0) 1(9) 1(2)  +  
Pain when kneeling 0(0) 0(0) 1(9) 1(2)    
Pain when lying down 0(0) 0(0) 1(9) 1(2) + +  
        
Domain: Physical disability (n=26)        
Going down stairs  11(55) 4(40) 7(64) 22(54) + + + 






21(51)  + + 
Going up stairs  8(40) 6(60) 6(55) 20(49) + + + 
Rising from a low chair 10(50) 5(50) 5(45) 20(49) + +  
Bending  6(30) 4(40) 5(45) 15(37)   + 




Table 3.3. Important Items within Each Domain among Knee OA Subjects in Singapore (continued) 
 
n (%)* 
[ 95% Confidence Interval ]† 











(n=41) WOMAC KOOS LAI 






14(34) + + + 
Standing for a long period 6(30) 3(30) 5(45) 14(34)    
Getting off a bus/taxi  7(35) 2(20) 5(45) 14(34) + +  
Getting on a bus/taxi  5(25) 4(40) 4(36) 13(32) + +  
Carrying heavy things  6(30) 3(30) 3(27) 12(29)    
Walking for a long period 3(15) 4(40) 4(36) 11(27)    








8(20)    






8(20)    
Need walking aids  3(15) 2(20) 2(18) 7(17)   + 
Housekeeping activities  2(10) 2(20) 2(18) 6(15) + +  
Traveling 4(20) 0(0) 1(9) 5(12)    
Kneeling down 1(5) 1(10) 3(27) 5(12)  +  






5(12)    






5(12)    
Doing exercises 4(20) 0(0) 0(0) 4(10)    
Walking on uneven ground 3(15) 0(0) 0(0) 3(7)   + 
Limitation of mobility 2(10) 0(0) 1(9) 3(7)    
Catching up with others when walking 2(10) 0(0) 0(0) 2(5)    
Walking too fast 1(5) 0(0) 0(0) 1(2)    
Taking off socks 1(5) 0(0) 0(0) 1(2) + +  
Standing on a moving bus  0(0) 0(0) 1(9) 1(2)    
        
Domain: Other symptoms of OA 
(n=8) 
       






























 +  
 







12(29) + + + 
 




Table 3.3. Important Items within Each Domain among Knee OA Subjects in Singapore (continued) 
 
n (%)* 
[ 95% Confidence Interval ]† 











(n=41) WOMAC KOOS LAI 
Deformity 4(20) 1(10) 2(18) 7(17)    
Cracking when moving knees 0(0) 3(30) 0(0) 3(7)  +  
Hang up when moving knees 0(0) 1(10) 0(0) 1(2)  +  
        







9(22)    
Afraid of stairs 4(20) 2(20) 2(18) 8(20)    
Fear of falling 2(10) 2(20) 4(36) 8(20)    







6(15)    
Depressed 2(10) 1(10) 2(18) 5(12)    
Dependent 1(5) 1(10) 3(27) 5(12)    
Sleepless 1(5) 1(10) 2(18) 4(10)    
Irritable 2(10) 1(10) 0(0) 3(7)    
Disturbed 0(0) 0(0) 3(27) 3(7)    
Frustrated 0(0) 1(10) 1(9) 2(5)    
Lack of self-confidence 0(0) 0(0) 2(18) 2(5)    
Reduced concentration 1(5) 0(0) 0(0) 1(2)    
Impact on thinking 0(0) 1(10) 0(0) 1(2)    
        
Domain: Social health (n=5)        






9(22)    
Impact on work 1(5) 3(30) 2(18) 6(15)    
Impact on relations with friends 2(10) 0(0) 1(9) 3(7)    
Complaints from spouse  1(5) 2(20) 0(0) 3(7)    
Complaints from family  2(10) 0(0) 0(0) 2(5)    
WOMAC: Western Ontario McMaster Universities Osteoarthritis Index; KOOS: Knee injury and 
Osteoarthritis Outcome Score; LAI: Lequesne Algofunctional Index. 
* Items within each domain are ranked by frequency of occurrence among all subjects.  
† Only the 95% confidence intervals of those items with 30% or more differences among ethnic groups 
are listed. 
‡ The numbers of items from these instruments not reported by the participants as important are as 
follows: WOMAC (n=10, from the following WOMAC domains: pain (n=1), physical functioning 
(n=8), and stiffness (n=1)) and KOOS (n=21, from the following KOOS domains: pain (n=6), physical 
functioning (n=10), stiffness (n=1), and symptoms (n=4)). All items in the LAI were reported as 
important by participants in this study. 





In this focus group study of Asian subjects with knee OA, we identified 5 
HRQoL domains and a variety of items within each domain which were important in 
Chinese, Malay, and Indian subjects, representing 3 major ethnic groups worldwide. 
We also identified similarities and differences among these ethnic groups in the 
importance of some of these domains and items, and mapped these items to selected, 
commonly used OA-specific HRQoL instruments. To the best of our knowledge, this 
is the first such study in subjects with knee OA from these 3 ethnic groups, who 
together represent over 38 percent of the global population (Asian Meta Center, 2002). 
These findings are important and have potential implications for clinical practice and 
research. First, they confirm that OA affects at least some subjects from these ethnic 
groups in a way similar to that seen in other socio-cultural contexts (see Chapter 2). 
Second, they support the use of existing HRQoL instruments (e.g. the WOMAC, 
KOOS, and LAI) which assess pain, physical function, and other symptoms of OA in 
measuring HRQoL in OA subjects from these ethnic groups. This provides a basis for 
the cross-cultural adaptation of these instruments for use among such subjects as well 
as the application of such instruments in clinical trials enrolling such subjects. Third, 
they broaden the existing knowledge of HRQoL in knee OA by providing in-depth 
information which may not be revealed using quantitative methodologies alone. For 
example, it has been suggested that there are redundant items in the WOMAC, where 
separate items address pain and physical disability arising from the same action (e.g. 
pain when walking and difficulty when walking) (Ryser et al., 1999). However, this 
may not necessarily be the case, as the subjects in this study expressed that limitations 




in some activities might be due to varying reasons such as stiffness, pain, or the 
combination of both.   
 
The demonstration that most identified domains of HRQoL were important 
among all ethnic groups studied has several important implications. A recent 
qualitative systematic literature review from our group (see Chapter 2) showed that 
several domains of HRQoL were important for OA subjects in some western socio-
cultural contexts. The findings of this study extend this observation by showing that 
similar domains are important in an Asian socio-cultural context, where 3 major 
ethnic groups are represented. While the domains of pain, physical disability, other 
symptoms of OA, and mental health were important for the majority of subjects, the 
domain of social health was more important for Malay than Chinese or Indian 
subjects. This may be accounted for by the observation by Abraido-Lanza that the 
level of social impact of arthritis may vary among ethnic groups because the value 
assigned to each social role varies among different ethnic groups (Abraido-Lanza, 
1997). Alternatively, these differences may be related to significant differences in 
socio-demographic status among the study participants (Table 3.1).  
 
Within each domain, the presence of some items of common importance 
among all 3 ethnic groups, and of other items differing in importance among these 
same groups is of interest. The use of items of common importance could allow the 
comparison of the HRQoL of subjects with knee OA across these 3 ethnic groups, 
while the use of items of differing importance could improve the sensitivity and 




comprehensiveness of HRQoL measurement within the ethnic group where these 
items are important. However, as only a few items of differing importance were 
identified within each domain, these differences could represent either chance 
variation or real ethnic differences. It is likely that at least some of these observations 
represent real ethnic differences. For example, Indian subjects often sit on the ground 
to pray in a temple for a period of time. However, it was difficult for subjects with 
knee OA to perform this activity, and they had to sit in a chair to pray instead. As a 
result, they more often reported difficulty when sitting on the ground for a long time 
as important. This may also have impacted their mental health because praying can be 
an important component in their daily lives as reflected by the fact that several Indian 
subjects also reported concerns about the impact of knee OA on religious activities. 
Similarly, the majority of Malay subjects (who also kneel to pray) also reported the 
impact of knee OA on religious activities as important, although only one of them 
indicated difficulty in praying due to physical disability.  
 
Among selected commonly used OA-specific HRQoL instruments, the KOOS, 
WOMAC, and LAI cover 3 (pain, physical disability, and other symptoms of OA) of 
the 5 domains identified in this study. The KOOS encompasses more items identified 
as important across all 3 ethnic groups in this study than the WOMAC or LAI does. 
This is not surprising, given that the KOOS incorporates the WOMAC and has the 
highest number of items among the 3 instruments, and thus also is the longest of the 3 
instruments.  
 




We recognize several limitations of this study. First, although we had planned 
focus groups based on gender, ethnicity, and language spoken (Morgan, 1993) and 
were generally successful in implementing this plan, we were unable to recruit 
enough subjects for separate Malay and Indian male groups despite extensive efforts. 
This may have influenced the interaction (and thus the results obtained) in this group. 
Second, we did not control for certain characteristics (e.g. age and severity of OA, 
hospital versus community based care) which would increase homogeneity within 
each group, because this would have necessitated conducting an unmanageably large 
number of focus groups. Third, we empirically selected a clinically important 
difference of 30% as a cutoff point to differentiate the importance of an item between 
ethnic groups. However, this reflects a pragmatic compromise between avoiding 
identification of false positives and constraints imposed by relatively small number of 
subjects studied in qualitative research involving focus groups, and should therefore 
be regarded as exploratory. Notably, some items less frequently reported as important 
may still be relevant as they may reflect the experience of subjects under certain 
circumstances (Kitzinger, 1995).  
 
In conclusion, we identified 5 HRQoL domains and a variety of items within 
each domain which were important in Chinese, Malay, and Indian subjects, 
representing 3 major ethnic groups worldwide. We also identified similarities and 
differences among these ethnic groups in the importance of some of these domains 
and items. These results confirm that the impact of knee OA on HRQoL is broadly 
similar in both Asian and Western socio-cultural contexts, support the use of 




currently available HRQoL instruments in these socio-cultural contexts, and provide 
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Are They Relevant? A Critical Evaluation 
of the ICF Core Sets for Osteoarthritis from 
the Perspective of Subjects with Knee 
Osteoarthritis in Singapore 





It has been recognized that the important HRQoL domains and items for OA 
subjects vary across different socio-cultural contexts (see Chapter 2) and even across 
different ethnic groups within the same socio-cultural context (see Chapter 3). As 
HRQoL instruments for OA were developed in different socio-cultural backgrounds 
and thus vary in the breadth and depth of health domains and items covered, there 
remains a need to map the impact of OA in various socio-cultural contexts onto a 
common rubric or framework to facilitate understanding of impact of OA worldwide.  
 
The International Classification of Functioning, Disability and Health (ICF), 
approved by World Health Organization (WHO) in 2001, is one such globally 
agreed-on framework and standard classification system for multidimensional health-
related domains with quantifiable assessments (World Health Organization, 2002). 
These domains consist of body functions, body structure, activities and participation, 
and environmental factors, which covers different perspectives including biological, 
individual, and societal. Thus, this classification system has been applied to many 
sectors such as clinical research (Geyh et al., 2004; Maeda et al., 2005) and policy 
management (Heerkens et al., 2004; Mayo et al., 2004). As the ICF aims to describe 
the health states of all people irrespective of kinds and levels of their health 
conditions (i.e. no separate group for physical and mental conditions, or disabled and 
non-disabled populations), it can be used as a cardinal reference for existing health 
status measures and thus allows comparison and evaluation of the performance of 
these measures in a broad way across studies, across diseases, and across countries, 




provided that these measurements can be successfully linked with the ICF (World 
Health Organization, 2002).   
 
As the ICF tends to cover a wide range of information on health and health 
related states, it has to be tailored to use for a specific condition, a process which 
involves the use of ICF Comprehensive and Brief Core Sets (Stucki et al., 2002). 
Recently, a series of ICF Core Sets was identified to structure the specific problems 
encountered by subjects with 12 chronic diseases including OA (Cieza et al., 2004). 
The ICF Comprehensive Core Set for a specific condition is a list of ICF categories 
which depict the typical spectrum of problems in functioning of subjects with that 
condition, while the ICF Brief Core Set is a list of ICF categories needed to be as 
short as possible and reported in every clinical study to describe the burden of that 
condition in a comparable way across studies (Cieza et al., 2004). These ICF Core 
Sets were identified through a formal decision-making and consensus process 
integrating evidence from Delphi exercise with experts (Weigl et al., 2004), 
systematic review of clinical trials representing the view of researchers (Brockow et 
al., 2004), and empirical data from subjects using the ICF checklist (Brockow et al., 
2004; Ewert et al., 2004; Geyh et al., 2004). There are several concerns regarding the 
methods used to derive these Core Sets. First, information obtained from the 
perspective of subjects was limited by using structured questions based on the ICF 
itself (Ewert et al., 2004). It is likely that some problems of importance to subjects 
might be missed out if these were not covered in the ICF checklist, while some less 
important problems may be included in these Core Sets. Second, the 




representativeness of subjects in the empirical studies might be limited as all of them 
were recruited from Western Europe (Ewert et al., 2004; Geyh et al., 2004). Thus, it 
highlights the need to evaluate the ICF Core Sets from the perspective of subjects in 
various socio-cultural contexts by using open-ended questions to allow subjects 
ample opportunities to share their ideas without any outside influences and 
constraints.       
 
The issues of which specific items should be used to measure the impact of 
OA on subjects and the methodological concerns regarding derivation of the ICF 
Core Sets need to be resolved before they can be more widely used. We addressed 
these issues using data from a qualitative focus group study in subjects with knee OA 
(see Chapter 3). This focus group study identified a pool of items of importance for 
subjects from 3 major ethnic groups (Chinese, Malays and Indians) sharing a 
common socio-cultural context in Singapore, which allowed for subsequent critical 
evaluation of the ICF Core Sets in an Eastern socio-cultural context. Specifically, we 
aimed to (1) link each item with the ICF based on a priori linking rules to determine 
the extent to which these items can be linked with the ICF; and (2) to critically 
evaluate content validity of ICF Comprehensive and Brief Core Sets for OA. 
 





Focus Group Study  
(See Chapter 3 for details) 
 
Linking to the ICF 
The ICF consists of 4 components, namely, body functions (b), body structure 
(s), activities & participation (d), and environmental factors (e). In the ICF code 
system, the letters (b, s, d, and e) refer to these corresponding components in this 
classification system, and are followed by a numeric code starting with the first level 
(one digit), the second level (two digits), the third and fourth level (one digit each). 
The description becomes more specific the higher the level. For example, body 
functions component contains the following codes with different levels:  
b Body Functions (component) 
b2 Sensory functions and pain (level 1) 
b280 Sensation of pain (level 2) 
b2801 Pain in body part (level 3) 
b28011 Pain in chest  (level 4) 
 
The items identified from the focus group study were separately linked by two 
researchers (FX and SCL) who are familiar with the ICF by a self-taught curriculum 
based on the 10 a priori linking rules which have been specifically developed and 
tested to be reliable (Cieza et al., 2002). Any disagreements were resolved by 
reaching a consensus among three researchers (FX, SCL, and JT). The ICF 




categories linked with the items were compared with the ICF Comprehensive Core 
Set for OA. Those items reported by over 30% of subjects within a given ethnic 
group were empirically considered as commonly important for subjects in that ethnic 
group and thus were compared with the ICF Brief Core Set for OA.  As no published 
study available in aiding to select a cut-off point, the 30% was specifically chosen by 
recognizing that higher cut-off point (e.g. 45%) will generate very few items which 
make the comparison meaningless, while lower cut-off point (e.g. 20%) will include 
almost all the items which will mask the potential ethnic variations.  As the Core Sets 
for OA were developed only at the second level of the ICF, for those categories 
linked with the items at the third or fourth level, both comparisons were made only at 
the second level to which these categories belong.  
 
Statistical Analysis 
Percentage agreements between two researchers were calculated for all 
linkages as a whole as well as the linkages made at each level within each component 
of the ICF. As the percentage agreement cannot measure the magnitude of agreement 
exceeding chance level, Cohen’s kappa statistic was also used to evaluate the chance-
corrected agreement accordingly (Cohen.J., 1960; Landis and Koch, 1977). The 
kappa statistic ranges from -1.0 to 1.0. Positive values indicate level of agreement 
higher than expected by chance, while negative values demonstrate level of 
agreement lower than expected by chance  (Cohen.J., 1960). Kappa statistics of 0.61 
to 0.80 have been considered as good levels of agreement and of over 0.81 as almost 




perfect (Landis and Koch, 1977). Both percentage agreement and the kappa statistic 




The characteristics of the subjects have been detailed in previous chapter (See 
Chapter 3, Tables 3.1 for subjects’ characteristics). 
 
The ICF Categories Linked 
Seventy-four items identified as important by subjects in the focus group 
study were linked with 44 different categories of the ICF through a total of 105 
linkages (as some items were linked with more than one category). Of the 74 items, 
5, 43, and 26 were linked at the second, third, and fourth levels, respectively. Of the 
26 items linked at the fourth level, 21 were concurrently linked with different 
categories at the third level and 1 (i.e. pain when doing exercise) with different 
categories at the second level (Table 4.1).  
 
Details of linkages are shown in Table 4.1 and summarized as follows: Pain: 
21 items were linked with 2 different categories in body functions and 13 in activities 
and participation. Problems and difficulties in mobility and self-care: items were 
linked with 17 different categories in activities and participation and 1 each in body 
functions and environmental factors. Other symptoms of OA: 8 items were linked 
with 5 different categories in body functions, 2 in body structure, and 1 in activities 




and participation. Mental health: 14 items were linked to 7 different categories in 
body functions and 1 in activities and participation. Social health: 5 items were 
linked with 5 different categories in activities and participation and 1 in 
environmental factors.  
 
 
Table 4.1. Linkage between Patient Reported Items and Corresponding ICF Categories 
Domain/Items ICF Code and Title 
  
Pain (n=21)  
Every item in this domain b28016 Pain in joints 
Relief of pain b28016 Pain in joints 
Pain when walking  d4509 Walking, unspecified 
Pain when going up stairs  d4551 Climbing 
Pain when going down stairs  d4551 Climbing 
Pain when standing for a long period  d4154 Maintaining a standing position 
Pain when walking for a long period d4508 Walking, other specified 
Pain when sitting down for a long period d4153 Maintaining a sitting position 
Pain when carrying heavy things d4308 Lifting and carrying, other specified 
Night pain b28016 Pain in joints 
Pain when rising from sitting or squatting 
for a long period 
d4101 Squatting 
d4103 Sitting 
Pain when squatting down d4101 Squatting 
Pain when getting off a bus d4551 Climbing 
Pain when walking on uneven ground d4502 Walking on different surfaces 
Pain when walking too fast d4508 Walking, other specified 
Pain when getting on  a bus d4502 Walking on different surfaces 
Pain when doing exercises b729 Functions of joints and bones, other specified 
and unspecified 
Pain when standing up immediately 
    after getting up in the morning 
d4100 Lying down 
d4104 Standing 
Pain when walking immediately after  
    sitting for a long period 
d4103 Sitting  
d4153 Maintaining a sitting position 
d4509 Walking, unspecified 
Pain when bending d4105 Bending 
Pain when kneeling d4102 Kneeling 
Pain when lying down d4100 Lying down 




Table 4.1. Linkage between Patient Reported Items and Corresponding ICF Categories 
(continued) 
 
Domain/Items ICF Code and Title 
  
Problems and difficulties in mobility and 
self-care (n=26) 
 
Going down stairs  d4551 Climbing 
Squatting down  d4101 Squatting 
Going up stairs  d4551 Climbing 
Rising from a low chair d4103 Sitting 
Bending  d4105 Bending 
Walking  d4509 Walking, unspecified 
Standing for a long period d4154 Maintaining a standing position 
Getting off a bus/taxi  d4551 Climbing 
Getting on a bus/taxi  d4502 Walking on different surfaces 
Carrying heavy things  d4308 Lifting and carrying, other specified 
Walking for a long period d4508 Walking, other specified 
Rising from squatting for a long period d4101 Squatting 
d4151 Maintaining a squatting position 
Walking after a period of inactivity d4158 Maintaining a body position, other specified 
d4509 Walking, unspecified 
Need walking aids  e1201 Assistive products and technology for 
personal indoor and outdoor mobility and 
transportation 
Housekeeping activities  d649 Household tasks, other specified and 
unspecified 
Traveling d489 Moving around using transportation, other 
specified and unspecified 
Kneeling down d4102 Kneeling 
Sitting for a long period d4153 Maintaining a sitting position 
Sitting on the ground d4103 Sitting 
Doing exercises b729 Functions of joints and bones, other specified 
and unspecified 
Walking on uneven ground d4502 Walking on different surfaces 
Limitation of mobility d499 Mobility, unspecified 
Catching up with others when walking d4508 Walking, other specified 
Walking too fast d4508 Walking, other specified 
Taking off socks d5408 Dressing, other specified 
Standing on a moving bus  d4154 Maintaining a standing position 
d4702 Using public motorized transportation 
 




Table 4.1. Linkage between Patient Reported Items and Corresponding ICF Categories 
(continued) 
Domain/Items ICF Code and Title 
  
Other symptoms of OA (n=8)  
Clicking when moving knees b7100 Mobility of a single joint 
s75011 Structure of knee joint 
Limping d4508 Walking, other specified 
Swelling s75011 Structure of knee joint 
Cramps b28015 Pain in lower limb 
b7650 Involuntary contractions of muscles 
Stiffness b7808 Sensations related to muscles and 
movement functions, other specified 
Deformity s75019 Structure of lower leg, unspecified 
Cracking when moving knees b7100 Mobility of a single joint 
s75011 Structure of knee joint 
Hang up when moving knees b7108 Mobility of joint functions, unspecified 
Mental health (n=14)  
Sad b1528 Emotional functions, other specified 
Afraid of stairs b1528 Emotional functions, other specified 
Fear of falling b1528 Emotional functions, other specified 
Hopeless b1265 Optimism 
Anxious/worried b1528 Emotional functions, other specified 
Depressed b1528 Emotional functions, other specified 
Dependent d599 Self-care, unspecified 
Sleepless b1348 Sleep functions, other specified 
Irritable b1263 Psychic stability 
Disturbed b1263 Psychic stability 
Frustrated b1528 Emotional functions, other specified 
Lack of self-confidence b1266 Confidence 
Reduced concentration b1400 Sustaining attention 
Impact on thinking b1609 Thought functions, unspecified 
Social health (n=5)  
Impact on religious activities d9300 Organized religion 
Impact on work d8509 Remunerative employment, unspecified 
Impact on relations with friends d7500 Informal relationships with friends 
Complaints from spouse  d7701 Spousal relationships  
e410 Individual attitudes of immediate family 
members 
Complaints from family  d7609 Family relationships, unspecified 
e410 Individual attitudes of immediate family 
members 
 ICF=International Classification of Functioning, Disability and Health. OA=osteoarthritis 




Inter-observer Agreement of Linkage at Various ICF Levels 
For the 105 linkages, the percentage agreement between two researchers 
exceeded 95% at all levels with the exception of the second and third levels of body 
function categories, where the agreement was 88% and 78%, respectively (Table 4.2). 
Similarly, the kappa statistic exceeded 0.90 at all levels with the exception of the 
second and third levels of body function categories, where the kappa statistic was 
0.83 and 0.66, respectively.   
 
Table 4.2. Degree of Inter-observer Agreement  
 
 Component 1st Level 2nd Level 3rd Level 4th Level
      
Percentage agreement      
 95 (105)     
Body Functions  100(42) 88(42) 78(40*) 100(22*) 
Body Structure  100(4) 100(4) 100(4) 100(4) 
Activities & Participation  100(54†) 95(54) 96(49†)  
Environmental Factors  100(3) 100(3) 100(3)  
Mean  100 96 94 100 
      
Kappa statistic      
 0.97 (105)     
Body Functions  1.00(42) 0.83(42) 0.66(40*) 1.00(22*) 
Body Structure  1.00(4) 1.00(4) 1.00(4) 1.00(4) 
Activities & Participation  1.00(56) 0.93(54†) 0.96(49†)  
Environmental Factors  1.00(3) 1.00(3) 1.00(3)  
Mean  1.00 0.94 0.91 1.00 
      
The number in parenthesis is the number of linkages made at each level within the 
corresponding category.  
* Two linkages were made only at the second level and 18 only at the third level.  
† Two linkages were made differently at the component level and 5 only at the 
second level. 
 




Comparison with the ICF Comprehensive Core Set for OA 
As shown in Table 4.3, of the 29 different second-level ICF categories linked 
with these items, 17 categories are included in the ICF Comprehensive Core Set 
(Dreinhofer et al., 2004), of which 5 are from body functions, 1 from body structure, 
9 from activities and participation, and 2 from environmental factors. In contrast, 12 
categories identified as important by subjects in the focus group study are not covered 
by this Core Set, of which 5 are from the body functions component (b126, b140, 
b160, b729, and b765) and 7 from the activities and participation component (d489, 
d499, d599, d649, d750, d760, and d930).  
 
Comparison with the ICF Brief Core Set for OA 
As shown in Table 4.3, 9 second-level ICF categories were linked with the 
items reported as important by over 30% of Chinese subjects who participated in the 
focus group study, of which only 4 categories are covered by the Brief Core Set. 
Similarly, 9 second-level categories (differing somewhat from those in Chinese) 
were linked with items reported as important by over 30% of Indian subjects, of 
which only 3 are included in the Brief Core Set. In contrast, 11 second-level ICF 
categories were linked with the items reported as important by over 30% of Malay 
subjects, of which only 4 are included in the Brief Core Set. Notably, the 3 items 
linked with the categories within the component of environmental factors were 
reported as important by less than 30% of subjects across all 3 ethnic groups. 




Table 4.3. Comparison between Second-Level Categories Linked with Patient Reported Items 
and the ICF Comprehensive and Brief Core Sets for OA 
ICF Core Set for OA CH* MA* IN* Total†
Code Title Comprehensive Brief (n=20) (n=10) (n=11) (n=41)
        
 Body Functions       
b126 Temperament & personality 
functions 
- - - - - + 
b130 Energy and drive functions + - - - - - 
b134 Sleep functions + - - - - + 
b140 Attention functions - - - - - + 
b152 Emotional functions + - - - + + 
b160 Thought functions - - - - - + 
b280 Sensation of pain + + + + + + 
b710 Mobility of joint functions + + + + - + 
b715 Stability of joint functions + - - - - - 
b720 Mobility of bone functions + - - - - - 
b729 Functions of joints and bones, other 
specified and unspecified 
- - - - - + 
b730 Muscle power functions + + - - - - 
b735 Muscle tone functions + - - - - - 
b740 Muscle endurance functions + - - - - - 
b760 Control of voluntary movement 
functions 
+ - - - - - 
b765 Involuntary movement functions - - + + - + 
b770 Gait pattern functions + - - - - - 
b780 Sensations related to muscles and 
movement functions 
+ - - - + + 
        
 Body Structure       
s720 Structure of shoulder region + - - - - - 
s730 Structure of upper extremity + + - - - - 
s740 Structure of pelvic region + - - - - - 
s750 Structure of lower extremity + + + + + + 
s770 Additional musculoskeletal 
structures related to movement 
+ + - - - - 
s799 Structure related to movement, 
unspecified 
+ - - - - - 
        
 




Table 4.3. Comparison between Second-Level Categories Linked with Patient Reported Items 
and the ICF Comprehensive and Brief Core Sets for OA (continued) 
 
ICF Core Set for OA CH* MA* IN* Total†
Code Title Comprehensive Brief (n=20) (n=10) (n=11) (n=41)
        
 Activities and Participation       
d410 Changing basic body function + - + + + + 
d415 Maintaining a body position + - + + + + 
d430 Lifting and carrying objects + - + + + + 
d440 Fine hand use + - - - - - 
d445 Hand and arm use + + - - - - 
d450 Walking  + + + + + + 
d455 Moving around + - + + + + 
d470 Using transportation + - - - - + 
d475 Driving  + - - - - - 
d489 Moving around using transportation, 
other specified and unspecified 
- - - - - + 
d499 Mobility, unspecified - - - - - + 
d510 Washing oneself + - - - - - 
d530 Toileting + - - - - - 
d540 Dressing + + - - - + 
d599 Self-care, unspecified - - - - - + 
d620 Acquisition of goods and services + - - - - - 
d640 Doing housework + - - - - - 
d649 Household tasks, other specified and 
unspecified  
- - - - - + 
d660 Assisting others + - - - - - 
d750 Informal social relationships - - - - - + 
d760 Family relationships - - - - - + 
d770 Intimate relationships + - - - - + 
d850 Remunerative employment + - - + - + 
d910 Community life + - - - - - 
d920 Recreation and leisure + - - - - - 
d930 Religion and spirituality - - - + - + 
        
 




Table 4.3. Comparison between Second-Level Categories Linked with Patient Reported Items 
and the ICF Comprehensive and Brief Core Sets for OA (continued) 
 
ICF Core Set for OA CH* MA* IN* Total†
Code Title Comprehensive Brief (n=20) (n=10) (n=11) (n=41)
        
 Environmental Factors       
e110 Products or substances for personal 
consumption 
+ - - - - - 
e115 Products and technology for 
personal use in daily living 
+ + - - - - 
e120 Products and technology for 
personal indoor and outdoor 
mobility and transportation 
+ - - - - + 
e135 Products and technology for 
employment 
+ - - - - - 
e150 Design, construction and building 
products and technology of 
buildings for public use 
+ + - - - - 
e155 Design, construction and building 
products and technology of 
buildings for private use 
+ - - - - - 
e225 Climate + - - - - - 
e310 Immediate family + + - - - - 
e320 Friends + - - - - - 
e340 Personal care providers and personal 
assistants 
+ - - - - - 
e355 Health professionals + - - - - - 
e410 Individual attitudes of immediate 
family members 
+ - - - - + 
e450 Individual attitudes of health 
professionals 
+ - - - - - 
e460 Societal attitudes + - - - - - 
e540 Transportation services, systems and 
policies 
+ - - - - - 
e575 General social support services, 
systems and policies 
+ - - - - - 
e580 Health services, systems and policies + + - - - - 
        
ICF=International Classification of Functioning, Disability and Health; OA=osteoarthritis; 
CH=Chinese; MA=Malay; IN=Indian.   
+ The ICF codes are included in the corresponding category.  
-  The ICF codes are not included in the corresponding category. 
* The categories were reported by over 30% of subjects within the corresponding ethnic group. 
† The categories were reported by at least one subject in the focus group study.  





This study showed that all 74 items reported as important by subjects with 
knee OA in a focus group study could be successfully linked with at least one 
category of the ICF with generally very good inter-observer agreement. The majority 
of the items (69 of 74) could be linked at the third or fourth levels (i.e. high specific). 
To the best of our knowledge, this is the first such study in Asia. The findings 
demonstrate that all of the items reported by subjects with knee OA can be mapped 
to the standardized, widely accepted rubric of the ICF. This raises the exciting and 
useful possibility of comparing HRQoL measures using the ICF as a rubric, 
especially in situations where different instruments are used in different socio-
cultural contexts. Our findings also provide some insight into the ICF Core Sets for 
OA from the perspective of subjects. First, it is of note that the Core Sets for OA did 
not capture several categories linked with items of importance for one or more ethnic 
groups in Singapore. The similar finding has recently been reported in a validation 
study of ICF Core Set for rheumatoid arthritis (Stamm et al., 2005). This is not 
surprising as most of the experts and all the subjects involved in developing the Core 
Sets are from Western Europe. Some disparities would be expected between Eastern 
and Western subjects’ preference for the ICF Core Sets due to geographic and 
cultural differences, as has been the case with other chronic conditions (Weigl et al., 
2004). A good example in this study is that religion and spirituality (d930) linked 
with the item reported as important by 60% of Malay subjects (who are all Muslims), 
which was not covered by the Comprehensive Core Set. This underscores the 
importance of including input from subjects from different socio-cultural contexts to 




improve the coverage (and thus utility) of the ICF Core Sets. Second, as shown in 
Table 4.2, 69 of 74 items were linked with the ICF at the third or fourth level. This 
may complement the development of both Core Sets for OA which are developed 
only at the second level of the ICF towards the direction of the third level (i.e. high 
specific). This may also increase the sensitivity in global comparison. For example, 
although walking (linked with d450) is important for all ethnic groups and is 
included in the Core Sets, after examining the data, we found walking after a period 
of inactivity (linked with d4509) was of more concern for Chinese subjects, while 
getting on a bus (linked with d4502) and walking for a long period (linked with 
d4508) were of more concern to Malay and Indian subjects. This raises the issue that 
some important information might be lost if comparisons are made only at the 
second level.  
 
The Comprehensive Core Set for OA has demonstrated good content validity 
as it includes 17 second-level categories linked with the items reported by subjects 
with knee OA. Although there remain 12 different second-level categories linked 
with the items that are not covered by the Core Set, this observation does not reduce 
the validity of the Comprehensive Core set for several reasons. First, among the 12 
categories, 5 are related to ‘unspecified’ option in the ICF, where the contents of the 
items linked with these categories are more general, with related aspects of the 
concept incorporated in one or more other ICF categories (e.g. doing exercise).  
However, this may also suggest that descriptors under some categories of the ICF 
may need to be refined and detailed so that linkage can be made in a more precise 




and accurate way. Second, most of these categories (e.g. b126, b140, b160, d750, and 
d760), although not captured by the Comprehensive Core Set, were reported by only 
a few subjects, and are all related to mental and social functions. They may thus not 
be generalizable to other subjects with OA unless they are reported by subjects in 
additional studies.  
 
Several categories identified as important by subjects in all ethnic groups 
were not included in the current ICF Brief Core Set for OA. These categories include 
changing basic body position (d410), maintaining a body position (d415), lifting and 
carrying objects (d430), and moving around (d455), and were linked with items 
reported as important by over 30% of subjects across all 3 ethnic groups (Table 4.3). 
As these categories are closely related to the common daily activities, they are 
expected to be important for most subjects with OA despite geographic and cultural 
differences. If this observation is confirmed in similar studies performed in a wide 
range of socio-cultural contexts (e.g. Africa, Latin America), these categories could 
be considered for inclusion in a revised version of the Brief Core Set for OA.   
 
We recognize several limitations in this study. First, the environmental factors 
is specifically included in both Core Sets as it is conceived that a person’s 
functioning and disability are a dynamic interaction between health condition and 
contextual factors. However, these factors did not receive too much attention from 
subjects in this focus group study. The possible reason might be we did not explicitly 
ask subjects to report possible environmental factors which might be important for 




them throughout the focus group discussion. Nevertheless, the impact of these 
external factors on a patient could be either positive or negative (Stucki and Ewert, 
2005). Thus, it will be worth noting the important role of environmental factors as a 
double-edged sword on the outcome of treatment and rehabilitation of subjects with 
OA and other chronic diseases in clinical practice. Second, only subjects with knee 
OA were studied, which may explain why a number of categories in the both Core 
Sets could not be linked with items reported as important by subjects. This highlights 
the importance of such studies including subjects with other types of OA (e.g. hip, 
hand, and spine) to more comprehensively evaluate the ICF Core Sets for OA. 
 
In conclusion, all items reported as important by subjects with knee OA in a 
focus group study could be successfully linked with the ICF. The ICF 
Comprehensive Core Set has demonstrated good content validity, while the Brief 
Core Set needs to be supported by more empirical evidence in various socio-cultural 
contexts. It is the first such study in Asia. This study specifically complemented the 
development and refinement of both Core Sets from the perspective of subjects with 
knee OA. Future studies from the perspective of health care professionals and by 
employing widely-used generic and OA-specific instruments to comprehensively 
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Cross-Cultural Adaptation and Validation 
of Singapore English and Chinese Versions 
of the Knee Injury and Osteoarthritis 
Outcome Score (KOOS) in Asians with 
Knee Osteoarthritis in Singapore 





For a HRQoL instrument to be useful in subjects with a given illness, this 
instrument should measure domains and items of health which are important to 
subjects with this illness. These domains and items of importance may differ in 
various socio-cultural contexts. It has recently been shown that the Knee injury and 
Osteoarthritis Outcome Score (KOOS) assesses many domains and items of 
importance for subjects with OA in several socio-cultural contexts (see Chapter 2), 
including that of Asian subjects (i.e. Chinese, Malays and Indians) with OA in 
Singapore (see Chapter 3).  
 
 KOOS, a disease-specific HRQoL instrument for knee OA, is an extension of 
the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and 
is designed to assess HRQoL in younger and/or more active subjects with knee 
injuries and knee OA (Roos et al., 1998b). Currently, validated versions have been 
published for use in Sweden, Germany, and the United States (Kessler et al., 2003; 
Roos et al., 1998b; Roos et al., 1998a).  Given this, we aimed to cross-culturally adapt 
and validate Singapore English and Chinese versions of the KOOS in a multiethnic 
sample of Asian subjects with knee OA in Singapore. The validation of these two 
versions of the KOOS provides a necessary foundation for their use among Chinese, 
Malay, and Indian subjects with OA in Singapore, and would support the need for 
further studies to prove the utility of the KOOS in other Asian socio-cultural contexts 
and languages.  






Singapore English and Chinese versions of the KOOS were culturally adapted 
from the source English version (version LK 1.0) following cross-cultural translation 
and adaptation guideline recommended by Guillemin et al (Guillemin et al., 1993), 
and with input from the developer. Briefly, two bilingual translators proficient in 
English and Chinese independently translated the source English version into Chinese 
and then developed a reconciled version, which was back translated into English by 
another two independent bilingual translators, with further refinements based on the 
feedback from back translation resulting in the consensus Singapore Chinese version. 
These versions were used in cognitive debriefing interviews with 5 English and 5 
Chinese-speaking subjects with knee OA, respectively. Both versions were finalized 
after taking into account the suggestions from subjects and the original developer, and 
were pilot-tested among 5 English and 5 Chinese-speaking subjects, respectively.  
 
Validation Study  
Data collection 
In this IRB approved study, a consecutive sample of subjects with knee OA 
scheduled for total knee replacement was recruited from the Department of 
Orthopaedic Surgery at Singapore General Hospital from August to December 2005. 
The subjects were eligible if they were diagnosed with knee OA by their attending 
Orthopaedic surgeon, based on clinical and radiographic features and agreed to 
participate in this project. Each subject was interviewed by a trained interviewer in 




either English or Chinese using identical, pretested questionnaires containing the 
KOOS, SF-36, and EQ-5D and assessing socio-demographic data and chronic 
medical conditions. To assess test-retest reliability, the KOOS was administered a 
second time through a telephone interview after an interval of 6 days before the 
scheduled surgery.  
 
Instruments 
The Knee injury and Osteoarthritis Outcome Score (KOOS), a 42-item 
disease-specific HRQoL instrument, consists of 5 domains, namely, pain, symptoms, 
activities of daily living (ADL), sport and recreation function, and knee-related 
quality of life (QoL). It includes the WOMAC (version LK 3.0) in its complete and 
original format. The KOOS adopts a five-point Likert scale scoring system (ranging 
from 0 (least severe) to 4 (most severe)). A normalized score is calculated for each 
domain with 100 indicating no symptoms and functional impairment and 0 indicating 
extreme symptoms and functional impairment. The KOOS users’ guide, including 
score calculation, can be downloaded from the Internet (Roos, 2003). 
 
The Short Form 36 Health Survey (SF-36) is a widely used generic HRQoL 
instruments, and contains 36 items which measure perceived health in 8 domains, 
namely, physical functioning (PF), role-physical (RP), bodily pain (BP), general 
health (GH), vitality (VT), social functioning (SF), role-emotional (RE), and mental 
health (MH), with higher scores (range, 0-100) reflecting better perceived health 




(Ware et al., 2000).  English and Chinese versions of the SF-36 have been validated 
for use in Singapore (Thumboo et al., 2001).    
 
The EQ-5D self-report questionnaire (EQ-5D) measures HRQoL on the day of 
administration using a self-classifier and a visual analogue scale (EQ-VAS). The self-
classifier consists of a 5-item descriptive system and assesses health status in the 
domains of mobility, self-care, usual activities, pain/discomfort, and 
anxiety/depression, which produces a utility index based on responses to the classifier 
(Rabin and de Charro, 2001). The EQ-VAS is a vertical, graduated (0-100 points) 20 
cm ‘thermometer’ with 100 representing “best imaginable health state” and 0 
representing “worst imaginable health state”. Again, English and Chinese versions of 
EQ-5D have been validated for use in Singapore (Luo et al., 2003a; Luo et al., 2003b). 
 
Assessment of Psychometric Properties 
 Data were entered into a Microsoft Excel spreadsheet (Microsoft Corporation, 
Redmond, WA) and analyzed using SPSS 13.0 (SPSS Inc., Chicago, IL). In order to 
allow comparisons with previous work, assessment of psychometric properties of the 
Singapore English and Chinese KOOS generally followed the same approach used in 
the two original KOOS validation studies (Roos et al., 1998a; Roos and Toksvig-
Larsen, 2003), especially that in subjects undergoing total knee replacement surgery 
(Roos and Toksvig-Larsen, 2003), as a similar population was used in this study. All 
statistical tests were two-tailed and conducted at a 5% level of significance. Internal 
consistency reliability was assessed using Cronbach’s alpha and test-retest reliability 




using intraclass correlation coefficients (ICC) (one-way random effects model) (Hays 
et al., 1998). Cronbach’s alpha ≥ 0.7 is generally regarded as acceptable for group 
comparisons, and ≥ 0.9 for individual comparisons, while an ICC ≥ 0.7 is considered 
acceptable for test-retest reliability (Hays et al., 1998). Dimensionality was assessed 
using item-to-domain correlations (corrected for overlap) for which Spearman’s rank 
correlation (ρ) between domain scores and their constituent items with ρ≥0.4 is 
considered acceptable (Fayers and Machin, 2000). Construct validity was assessed 
using Spearman’s rank correlations to determine the association of KOOS and SF-36 
domains based on the literature (Roos and Toksvig-Larsen, 2003), and EQ-5D 
domains based on clinical experience. As recommended in the literature, correlation 
coefficients of >0.50, 0.35 to 0.50, and <0.35 were considered strong, moderate, and 
weak, respectively (Juniper et al., 1996). Thus, 14 a-priori hypotheses were generated 
for convergent construct validity where moderate to strong correlations (i.e. 
correlation coefficent ≥0.35) were expected between domains measuring similar 
constructs, namely, (1) KOOS pain and symptoms with SF-36 bodily pain and EQ-5D 
pain/discomfort; (2) KOOS ADL with SF-36 physical functioning, EQ-5D mobility 
and usual activities; (3) KOOS sport and recreation function with SF-36 bodily pain; 
and (4) KOOS QoL with SF-36 physical functioning, bodily pain, and social 
functioning and EQ-5D mobility, usual activities, and pain/discomfort. Another 13 a-
priori hypotheses were generated for divergent construct validity where weak 
correlations were expected between domains measuring dissimilar constructs, namely, 
(1) all KOOS domains with SF-36 mental health and EQ-5D anxiety/depression, and 




(2) KOOS pain, symptoms, and sport and recreation function with SF-36 social 
functioning.  
RESULTS 
Cross-Cultural Adaptation  
The Singapore English KOOS is identical to its source version with the 
exception of 2 items. Four of 5 English-speaking subjects participating in the 
cognitive debriefing reported that Item 2 in the symptoms domain: “do you feel 
grinding, hear clicking or any other noise when your knee moves?” was difficult to 
understand as both “grinding” and “clicking” were not felt to be commonly used 
terms. Based on subjects’ suggestions, this item was thus revised as “do you feel 
grinding/friction, hear clicking/cracking or any other noise when your knee moves?”. 
The third item in the same domain: “does your knee catch or hang up when moving?” 
was not clearly understood by all 5 English-speaking subjects and was thus revised to 
“does your knee jam or lock when moving?” The Singapore Chinese KOOS was well 
understood by subjects participating in the cognitive debriefing and no further 
changes were deemed necessary. Both English and Chinese versions of the KOOS 
were well accepted in pilot-testing and thus used in the subsequent validation study.  
 





Subject Characteristics and KOOS Scores 
Subjects included 127 English-speaking and 131 Chinese-speaking subjects 
with knee OA, of whom 47 English-speaking and 55 Chinese-speaking subjects 
completed retest interviews after a median of 6 days. A total of 21 subjects (10 
English-speaking and 11 Chinese-speaking) gave the wrong telephone numbers and 
cannot be contactable, while 135 subjects (70 English-speaking and 65 Chinese-
speaking) refused to complete the retest interview for the reason of that they have 
answered all questions only several days ago. There is no statistically significant 
difference in demographic characteristics between the subjects who completed retest 
interview and those who did not (data not shown). Characteristics of the 258 subjects 
in each language group are shown in Table 5.1. The mean age of the subjects was 66 
years with the majority of being female (83%), ethnic Chinese (89%), and with a 
mean duration of OA of approximately 6 years.  
 
There were no missing data for any KOOS item. English and Chinese versions 
had similar distributions with minimal floor and ceiling effects, with the exception of 
the sport and recreation function domain (Table 5.2), where 85 English and 96 
Chinese-speaking subjects reported the lowest possible score for this domain.  




Table 5.1. Characteristics of Subjects Completing the KOOS 
 n(%) unless stated 
 English (n=127) Chinese (n=131) 
   
Mean(SD), age (years) 65.3(7.9) 67.8(7.1) 
   
Female 97(76.4) 116(88.5) 
   
Ethnicity   
    Chinese  99(78.0) 131(100) 
    Malay 10(7.9) -- 
    Indian 14(11.0) -- 
    Others 4(3.1) -- 
   
Years of education   
    No formal education 34(26.8) 73(55.7) 
    1- 6  44(34.6) 41(31.3) 
    7-10  33(26.0) 13(9.9) 
    >10  12(9.4) 2(1.6) 
   
Married 113(89.0) 122(93.1) 
   
Retirees/homemakers 103(81.1) 119(90.8) 
   
Mean(SD), body mass index* 28.6(5.4) 27.8(3.9) 
   
Presence of chronic medical conditions† 87(68.5) 89(67.9) 
   
Mean(SD), duration of osteoarthritis(years) 5.9(5.6) 6.1(4.7) 
   
Knee scheduled for surgery   
    Right 75(59.1) 74(56.5) 
    Left 50(39.4) 56(42.7) 
    Both 2(1.6) 1(0.8) 
   
* A total of 115 English- and 124 Chinese-speaking subjects were obese which is 
defined as body mass index exceeding 23. 
† Chronic medical conditions included hypertension (n=143), back pain (n=37), 
hyperlipidaemia (n=36), diabetes mellitus (n=29), rheumatoid arthritis (n=27), 
cardiovascular (n=11) or respiratory diseases (n=5) and other conditions (n=14, 
including peptic ulcer disease, anemia, depression, osteoporosis, cancer and asthma).  
 
 









Table 5.2. Distributions and Reliability of the KOOS Scores* 









      
Singapore English Version 
(n=127) 
     
Pain 57.0(16.0) 58.3(47.2,66.7) 0/0 0.79 0.88 
Symptoms 59.8(19.1) 60.7(46.4,75.0) 0/0 0.70 0.87 
Activities of daily living 60.8(16.9) 64.7(51.5,73.5) 0/0 0.92 0.91 
Sport and recreation function 6.6(12.2) 0.0(0.0,10.0) 66.9/0 0.89 0.65 
Knee-related quality of life 39.6(18.8) 43.8(25.0,50.0) 3.1/0 0.74 0.86 
      
Singapore Chinese Version 
(n=131) 
     
Pain 57.3(12.9) 58.3(50.0,66.7) 0/0 0.65 0.87 
Symptoms 63.2(17.8) 64.3(50.0,75.0) 0/1.5 0.64 0.85 
Activities of daily living 62.2(13.0) 61.8(54.4,72.1) 0/0 0.82 0.84 
Sport and recreation function 4.8(9.4) 0.0(0.0,5.0) 73.3/0 0.88 0.78 
Knee-related quality of life 42.9(19.4) 43.8(25.0,56.3) 0/1.5 0.71 0.60 
      
SD: standard deviation; α: Cronbach’s alpha; ICC: intraclass correlation coefficient.  
*Scores for all domains range from 0 to 100, with higher scores indicating worse 
HRQoL.  
†median (interquartile range) test-retest interval was 6 (5-6) days. 
 




Assessment of Psychometric Properties 
Internal consistency was acceptable with Cronbach’s alpha exceeding the 
value of 0.70 recommended for group comparisons for all domains in the English 
version, and 3 of 5 domains in the Chinese version. The Chinese KOOS pain and 
symptoms domains had scores of 0.65 and 0.64, respectively, which were marginally 
below the cutoff value of 0.70. Test-retest reliability was acceptable with the ICC 
exceeding the value of 0.70 for 4 of 5 domains in both versions, with the exception of 
the English sports and recreation function and the Chinese knee-related quality of life 
domains, respectively.   
 
Dimensionality was acceptable, with the item-to-domain correlations 
exceeding 0.40 for all KOOS items with the exception of 4 English and 13 Chinese 
version items (Table 5.3). Of items with coefficients below the cutoff value, 2 pain 
and 1 symptoms item were found in both versions, with the remainder differing 
between versions (Table 5.3).  




Table 5.3. Item-to-Domain Correlations for the KOOS 
KOOS domains and items English (n=127) 
Chinese 
(n=131) 
   
Pain   
How often do you experience knee pain   -0.34*   -0.22* 
Twisting/pivoting on your knee   -0.24*   -0.12* 
Straightening knee fully -0.55 -0.51 
Bending knee fully -0.42   -0.30* 
Walking on flat surface -0.48 -0.42 
Going up or down stairs -0.61 -0.42 
At night while in bed -0.40 -0.44 
Sitting or lying -0.48   -0.30* 
Standing upright -0.46   -0.33* 
   
Symptoms   
Do you have swelling in your knee -0.45   -0.32* 
Do you feel grinding/friction, hear clicking/cracking 
or any other type of noise when your knee moves 
  -0.16*   -0.14* 
Does your knee jam or lock when moving -0.41 -0.43 
Can you straighten your knee fully -0.57 -0.48 
Can you bend your knee fully   -0.34* -0.40 
How severe is your knee joint stiffness after first 
wakening in the morning 
-0.47   -0.23* 
How severe is your knee stiffness after sitting, lying 
or resting later in the day 
-0.56 -0.52 
   
Activities of daily living   
Descending stairs -0.67 -0.63 
Ascending stairs -0.66 -0.63 
Rising from sitting -0.69 -0.55 
Standing -0.66 -0.44 
Bending to floor/pick up an object -0.53 -0.43 
Walking on flat surface -0.64 -0.45 
Getting in/out of car -0.66 -0.59 
Going shopping -0.55 -0.62 
Putting on socks/stockings -0.67 -0.48 
Rising from bed -0.66 -0.44 
Taking off socks/stockings -0.65 -0.40 
Lying in bed  -0.43 -0.40 
Getting in/out of bath -0.52   -0.37* 
Sitting -0.41   -0.17* 
Getting on/off toilet -0.42   -0.25* 
Heavy domestic duties  -0.43   -0.30* 
Light domestic duties -0.57 -0.40 




Table 5.3. Item-to-Domain Correlations for the KOOS (continued) 
 
KOOS domains and items English (n=127) 
Chinese 
(n=131) 
   
Sport and recreation function   
Squatting  -0.74 -0.70 
Running -0.71 -0.82 
Jumping -0.78 -0.79 
Twisting/pivoting on your injured knee -0.75 -0.74 
Kneeling -0.59 -0.62 
   
Knee-related quality of life   
How often are you aware of your knee problem -0.43   -0.36* 
Have you modified your life style to avoid 
potentially damaging activities to your knee 
-0.67 -0.55 
How much are you troubled with lack of confidence 
in your knee 
-0.55 -0.68 
In general, how much difficulty do you have with 
your knee 
-0.67 -0.55 
   
Correlations were negative as higher item scores reflect lower quality of life, while 
higher domain scores reflect higher quality of life. * indicates an item-to-domain 
correlation less than 0.40.  
 
Construct validity was supported by the data, as summarized in Table 5.4. 
Convergent construct validity was demonstrated by the presence of moderate to 
strong correlations for 13 and 11 of 14 a-priori hypotheses for the English and 
Chinese versions, respectively. Among the hypotheses which were not supported, 
correlation coefficients for the remaining 1 hypothesis for the English version and 2 
hypotheses for the Chinese version were marginally below the cutoff value of 0.35 
(Table 5.4). Divergent construct validity was supported by the presence of weak 
correlations for 12 and 11 of 13 a-priori hypotheses for the English and Chinese 
versions, respectively. Again, among the hypotheses which were not supported, 
correlation coefficients for the 1 hypothesis for both versions marginally exceeded the 
cutoff value of 0.35 (Table 5.4).  




Table 5.4. Construct Validity: Correlations between the Singapore English and 
Chinese KOOS and SF-36 and EQ-5D Scores* 
 Pain Symptoms ADL Sport/Recreation QoL 
  
 Singapore English KOOS (n=127) 
English SF-36      
Physical Functioning  0.50 0.40 0.65  0.47 0.56 
Role-Physical  0.23 0.21 0.33  0.25 0.32 
Bodily Pain  0.37 0.44 0.38  0.31 0.37 
General Health  0.08 0.10 0.17 -0.03 0.07 
Vitality  0.22 0.22 0.27  0.11 0.23 
Social Functioning  0.29 0.36 0.42  0.30 0.46 
Role-emotional -0.01 0.14 0.10 -0.06 0.12 
Mental Health -0.05 0.23 0.14 -0.02 0.13 
      
English EQ-5D      
Mobility -0.45 -0.22 -0.48 -0.42 -0.45 
Self-care -0.25 -0.07 -0.36 -0.12 -0.18 
Usual activities -0.46 -0.28 -0.60 -0.38 -0.54 
Pain/discomfort -0.61 -0.60 -0.50 -0.35 -0.50 
Anxiety/depression -0.11 -0.25 -0.29 -0.17 -0.34 
      
 Singapore Chinese KOOS (n=131) 
Chinese SF-36      
Physical Functioning 0.48 0.31 0.64  0.24 0.41 
Role-Physical 0.23 0.18 0.36  0.10 0.34 
Bodily Pain 0.31 0.43 0.14 -0.04 0.38 
General Health 0.23 0.27 0.23  0.06 0.28 
Vitality 0.26 0.31 0.31 -0.01 0.35 
Social Functioning 0.27 0.43 0.31  0.01 0.58 
Role-emotional 0.13 0.17 0.33 -0.01 0.18 
Mental Health 0.30 0.29 0.32 -0.03 0.35 
      
Chinese EQ-5D      
Mobility -0.45 -0.22 -0.47 -0.12 -0.33 
Self-care -0.34 -0.37 -0.39 -0.02 -0.35 
Usual activities -0.45 -0.21 -0.50 -0.06 -0.37 
Pain/discomfort -0.49 -0.54 -0.38 -0.18 -0.59 
Anxiety/depression -0.30 -0.14 -0.25 -0.11 -0.28 
      
ADL: activities of daily living; QoL: knee-related quality of life.  
* a-priori hypotheses are shown for convergent construct validity (bold) and divergent 
construct validity (bold italics). Hypotheses which are supported are underlined.  
 





In this study, the cross-culturally adapted Singapore English and Chinese 
versions of the KOOS were well accepted and demonstrated acceptable psychometric 
properties including good construct validity in a multiethnic urban population of 
Asian subjects with knee OA in Singapore. This suggests that both versions are 
reliable and valid HRQoL measures in subjects with knee OA in this socio-cultural 
context. These findings are important for several reasons. First, to the best of our 
knowledge, this is one of the first studies adapting and validating the English and 
Chinese KOOS in Asia, and suggests that this instrument, which assesses many 
domains and items of importance for subjects with OA in several socio-cultural 
contexts, is well accepted and valid for use in at least one Asian socio-cultural context. 
Second, the Chinese version showed similar acceptability and psychometric 
properties to the English version. This is encouraging as Chinese is a pictogram based 
language which differs significantly from the alphabet based languages in which the 
KOOS was developed. Third, the good patient acceptance, psychometric properties, 
and construct validity of these two versions of the KOOS in Singapore suggests that 
these and other language versions of the KOOS could be valid in other Asian socio-
cultural contexts and languages.  
 
Psychometric properties of both Singapore English and Chinese KOOS 
versions were generally similar to those seen with the original KOOS. Cronbach’s 
alpha and ICC values demonstrated that both versions are generally reliable for group 
comparisons (Hays et al., 1998; Nunnally and Bernstein, 1994) and were comparable 




with the original KOOS (Roos et al., 1998a; Roos and Toksvig-Larsen, 2003), despite 
the fact that different modes of administration were used for test (face to face 
interview) and retest (telephone interview) assessments, which would be expected to 
slightly reduce the values of Cronbach’s alpha and ICC. Similarly, dimensionality 
was generally supported as the item-to-domain correlations were generally as 
expected, more so for the English than the Chinese version (in which more items in 
the symptoms and ADL domains correlated weakly with their hypothesized domains 
(ρ=0.12-0.37)). Convergent construct validity was strongly supported by the presence 
of hypothesized moderate to strong correlations between the domains in the KOOS, 
SF-36 and EQ-5D which measured similar constructs. However, the sport and 
recreation function domain in both versions did not correlate with SF-36 bodily pain 
domain as hypothesized. This is likely to reflect the floor effect seen with scores for 
this domain, which in turn is a reflection of the study population (elderly subjects 
scheduled for knee replacement surgery). Similarly, divergent construct validity was 
also strongly supported as most a-priori hypotheses were supported in this study. Of 
note, the symptoms domain in both versions correlated moderately with SF-36 social 
functioning, rather than weakly as seen in the original KOOS validation study (Roos 
and Toksvig-Larsen, 2003). This may be related to socio-cultural difference, as we 
have previously shown that some Asian OA subjects in Singapore have reported that 
the impact of OA on social health is important to them (see Chapter 3).  
 
The performance of individual domains within the same language version 
varied to a certain degree. Internal consistency was best for the activities of daily 




living domain in the English version and the sport and recreation function domain in 
the Chinese version, and worst for the symptoms domain in both versions. Test-retest 
reliability was best for the activities of daily living and pain domains in the English 
and Chinese versions, respectively, and worst for the sport and recreation function 
and knee-related quality of life domains in these versions, respectively. 
Comparatively, the construct validity was best for the symptoms domain and worst 
for the sport and recreation function domain in both versions.  
 
We recognise several limitations of this study. First, the unavailability of 
severity data based on clinical and laboratory evidences (Altman et al., 1986) for 
participating subjects did not allow the assessment of KOOS scores graded by OA 
severity, which might have some impact on the performance of both versions of the 
KOOS. Second, subjects in the present study may not represent the entire spectrum of 
patients with knee OA as they were recruited from a tertiary hospital and were 
scheduled for TKR, and thus are likely to have more severe OA. This is reflected in 
the significant floor effect and lower construct validity observed for the sport and 
recreation function domain, which was originally designed for younger and more 
physically active patients with knee injuries or knee OA.  Notably, a significant floor 
effect in this domain was also observed in the original KOOS study (Roos et al., 
1998a).  
 
In conclusion, we found that Singapore English and Chinese versions of the 
KOOS were well accepted and demonstrated acceptable psychometric properties in a 




multiethnic urban population of Asian subjects with knee OA in Singapore. This 
study provides a basis for the use of these versions of the KOOS in Singapore and 
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Cross-Cultural Adaptation and Validation 
of Singapore English and Chinese Versions 
of the Lequesne Algofunctional Index of 
Knee in Asians with Knee Osteoarthritis in 
Singapore 





The Lequesne Algofunctional Index of knee, a disease and joint-specific 
HRQoL instrument for knee OA, was developed in France in the 1970s (Lequesne et 
al., 1987). The Lequesne index is widely used in HRQoL assessment in OA clinical 
trials and recommended by various groups and authorities including OMERACT 
(Bellamy et al., 1997), OARSI (Altman et al., 1996), and the US Food and Drug 
Administration (FDA, 1999).  
 
Previous studies have shown that all items in the Lequesne index are of 
importance for subjects with OA in Western socio-cultural contexts (see Chapter 2) 
and Singapore (see Chapter 3). The newly developed International Classification of 
Functioning, Disability and Health (ICF) Core Sets by World Health Organization 
(WHO) also covers all these items (see Chapter 4). Therefore, given that the 
psychometric properties can be established for Asian patient group, the Lequesne 
index, on the one hand, can be applied in HRQoL assessment of subjects with OA in 
Singapore, and on the other hand can establish the link of HRQoL measures in OA 
across socio-cultural contexts. Thus we aimed to cross-culturally adapt and validate 
Singapore English and Chinese versions of the Lequesne index in multiethnic Asian 
subjects with knee OA in Singapore.  
 






The source version of the Lequesne index we used in this study was the 
interview format English version instead of French version (see Chapter 5 for details 
of adaptation process).  
 
Validation Study  
Data collection 
Subjects with knee OA was recruited from the Department of Orthopaedic 




The Lequesne Algofunctional Index of knee, an interview format OA-specific 
HRQoL instrument, consists of 3 domains with a total of 10 items (Lequesne et al., 
1987; Lequesne, 1997). The first domain asks about pain or discomfort (5 items), the 
second maximum distance walked (1 item), and the third activities of daily living (4 
items). The score for each domain ranges from 0 (no pain or functional limitation) to 
8 (extreme pain and functional limitation). This index directly aggregates symptoms 
and function which are not scored separately, which results a single global index 
score as the sum of 3 domains with the range from 0 to 24. For the purpose of the 
present study, we assessed reliability and validity for the global index as well as the 
three domains separately.    




The Short Form 36 Health Survey (SF-36) and EQ-5D self-report 
questionnaire (EQ-5D) (see Chapter 5 for details of these instruments). 
 
Assessment of Psychometric Properties 
 Data were entered into a Microsoft Excel spreadsheet (Microsoft Corporation, 
Redmond, WA) and analyzed using SPSS 13.0 (SPSS Inc., Chicago, IL). All 
statistical tests were two-tailed and conducted at a 5% level of significance. Details of 
internal consistency, test-retest reliability, and item-to-domain correlations can be 
found in Chapter 5. Dimensionality was assessed by performing principal component 
factor analysis with varimax rotation. An eigenvalue criterion of 1.0 was used and the 
percentage of variances explained by the principal factor was given (Fayers and 
Machin, 2000). Construct validity was assessed separately for each language version 
using Spearman’s rank correlation to determine the association of the Lequesne index 
with the SF-36 and the EQ-5D (see Chapter 5 for definition of magnitude of 
Spearman’s rank correlation).  Thus, 12 a-priori hypotheses were generated for 
convergent construct validity where moderate to strong correlations (i.e. correlation 
coefficent ≥0.35) between domains measuring similar constructs, namely, (1) the 
Lequesne index pain or discomfort domain with SF-36 bodily pain and EQ-5D 
pain/discomfort; (2) the Lequesne index maximum distance walked with SF-36 
physical function and EQ-5D mobility; (3) the Lequesne index activities of daily 
living domain with SF-36 physical function and EQ-5D mobility and usual activities; 
(4) the Lequesne global index with SF-36 physical function, bodily pain, and EQ-5D 
mobility, usual activities, and pain/discomfort. Another 6 a-priori hypotheses were 




generated for divergent construct validity where weak correlations (i.e. correlation 
coefficent <0.35) were expected between domains measuring dissimilar constructs, 
namely, the Lequesne index maximum distance walked, activities of daily living, and 
the global index with SF-36 mental health and EQ-5D anxiety/depression. 
 
RESULTS 
Cross-Cultural Adaptation  
The Singapore English and Chinese versions of the Lequesne index were well 
accepted in cognitive debriefing and pilot testing. Subjects understood the Lequesne 
index, and opined that all items were relevant and that no important areas had been 
omitted by this instrument. Thus both versions were used in subsequent validation 
study without any further revisions.  
 
Validation Study 
Subject Characteristics  
(see Chapter 5 for details of subject characteristics) 
 
The Lequesne Index Scores 
There were no missing data for any item of the Lequesne index. The global 
index score exceeded 14 in both versions, indicating the extreme severe handicap 
(Lequesne, 1997). No floor or ceiling effect was observed for the global index 
compared with the floor effect of 7.09% and 4.58% for maximum distance walked 




domain, 3.94% and 4.58% for activities of daily living domain in the English and 
Chinese versions, respectively.   
 
Assessment of Psychometric Properties 
Internal consistency was acceptable with Cronbach’s alpha exceeding the 
cutoff value of 0.70 recommended for group comparisons for activities of daily living 
domain and the global index in both versions (Table 6.1). However, the internal 
consistency was weak for pain or discomfort domain in both versions. The test-retest 
reliability was acceptable with the ICC exceeding the cutoff value of 0.70 for all 
domains as well as the global index with the exception of activities of daily living 
domain in the Chinese version (Table 6.1).  
 
Item-to-domain correlations are displayed in Table 6.2 for all items with the 
exception of maximum distance walked where only one item was included. Of the 
remaining 9 items, 6 in the English version and 3 in the Chinese version exceeded the 
cutoff value of 0.40 with the range from 0.42 to 0.80. Notably, no pain or discomfort 
items in Chinese version demonstrated acceptable item-to-domain correlations.  
 




Table 6.1. Distributions and Reliability of the Lequesne Algofunctional Index Scores* 









      
Singapore English Version 
(n=127) 
     
   Pain or discomfort   0/0 0.58 0.70 
   Maximum distance walked   7.09/1.57  0.94 
   Activities of daily living   3.94/0 0.82 0.87 
   Global index  14.6(4.2) 14.5(11.5-17.5) 0/0 0.75 0.92 
      
Singapore Chinese Version 
(n=131) 
     
   Pain or discomfort   0.78/0 0.44 0.77 
   Maximum distance walked   4.58/0.76  0.86 
   Activities of daily living   4.58/0 0.77 0.66 
   Global index  15.1(3.8) 15.5(13.0-17.5) 0/0 0.72 0.82 
      
SD: standard deviation; α: Cronbach’s alpha; ICC: intraclass correlation coefficient.  
*Scores for all domains range from 0 to 100, with higher scores indicating worse 
HRQoL; †median (interquartile range) test-retest interval was 6 (5-6) days. 
 
Table 6.2. Item-to-Domain Correlations: the Lequesne Algofunctional Index 
(corrected for overlap) 
Domains and items English (n=127) 
Chinese 
(n=131) 
   
Pain or discomfort   
   During nocturnal bedrest 0.28 0.30 
Morning stiffness or regressive pain after rising 0.47 0.28 
After standing for 30 minutes 0.16 0.12 
While ambulating 0.42 0.23 
While getting up from sitting with out the help of arms 0.39 0.25 
   
Activities of daily living   
    Able to climbing up a standard flight of stairs   0.73 0.80 
 Able to climbing down a standard flight of stairs   0.77 0.71 
 Able to squat or bend on the knees  0.48 0.37 
 Able to walk on uneven ground 0.64 0.60 
   
Correlation coefficients exceeding 0.40 were in bold italics. 




Dimensionality is shown in Table 6.3. Factor analysis yielded two factors for 
both versions with eigenvalues over 1.0. All items in maximum distance walked and 
activities of daily living domains loaded on to the first factor in both versions. For the 
English version, all pain or discomfort items loaded on to the second factor with the 
exception of “pain or discomfort when standing for 30 minutes” which loaded on to 
the first factor. For the Chinese version, the first 3 items in pain or discomfort domain 
loaded on to the second factor and the remaining items the first factor. The two 
factors explained 52% and 47% of variance in the English and Chinese versions, 
respectively. The first factor might be clinically characterized as a dimension 
measuring the physical function, while the second might measure the dimension of 
knee OA-related symptoms (i.e. including pain and stiffness).  
 
Convergent construct validity was demonstrated by presence of expected 
correlations between the Lequesne index and SF-36 and EQ-5D as shown in Table 
6.4. For the English Lequesne index, the strong correlations were presented for 8 of 
12 hypotheses (ρ=0.52-0.76) and the moderate correlations for other 4 hypotheses 
(ρ=0.36-0.48). In contrast, for the Chinese version, the strong correlations were 
presented for 3 hypotheses (ρ=0.61-0.69) and the moderate correlations for 6 
hypotheses (ρ=0.36-0.48). However, the pain or discomfort domain as well as the 
global index in the Chinese version correlated weakly with SF-36 bodily pain (ρ=0.19 
and 0.17, respectively). Additionally, activities of daily living has a weak correlation 
with EQ-5D usual activities (ρ=0.32). 




Table 6.3. Principal Component Factor Analysis of Lequesne Algofunctional Index 
English Chinese 
Items 
Factor 1 Factor 2 Factor 1 Factor 2
     
Pain or discomfort     
 During nocturnal bedrest     -0.05 0.67 0.41 0.51 
 Morning stiffness or regressive pain after rising 0.28 0.68 0.35 0.44 
 After standing for 30 minutes 0.63     -0.18 0.06 0.74 
 While ambulating 0.27 0.62 0.62   -0.17 
 While getting up from sitting without the help of 
arms 
0.30 0.54 0.55 0.07 
     
Maximum distance walked 0.63 0.29 0.70    0.03 
     
Activities of daily living     
 Able to climbing up a standard flight of stairs   0.77 0.32 0.82 -0.22 
 Able to climbing down a standard flight of stairs  0.72 0.41 0.81 -0.24 
 Able to squat or bend on the knees  0.61 0.22 0.46     0.17 
 Able to walk on uneven ground 0.64 0.44 0.74 -0.08 
     
Initial Eigenvalue  4.14 1.03 3.56  1.17 
     
Variance accounted for (%) 41.44 10.30 35.60  11.73 
     
Highest loading for each item is in bold italics. 
 
 
Divergent construct validity is also displayed in Table 6.4. For the English 
version, all domains as well as the global index in the Lequesne index correlated 
weakly with SF-36 mental health and EQ-5D anxiety/depression (ρ=0.06-0.28). For 
the Chinese version, weak correlations were presented for all 6 hypotheses but to a 
lesser degree compared with the English version (ρ=0.10-0.28).  




Table 6.4. Construct Validity: Correlation between Lequesne Algofunctional 
Index and SF-36 and EQ-5D Scores* 








 English Lequesne Algofunctional Index (n=127) 
     
English SF-36     
Physical Functioning -0.45 -0.75 -0.64 -0.76 
Role-Physical -0.22 -0.23 -0.34 -0.33 
Bodily Pain -0.36 -0.37 -0.36 -0.46 
General Health -0.07 -0.16 -0.06 -0.13 
Vitality -0.20 -0.18 -0.28 -0.27 
Social Functioning -0.27 -0.38 -0.40 -0.44 
Role-emotional  0.07  0.02  0.01  0.02 
Mental Health  0.01 -0.11 -0.06 -0.09 
     
English EQ-5D     
Mobility 0.43 0.46 0.48 0.53 
Self-care 0.24 0.33 0.28 0.35 
Usual activities 0.46 0.42 0.54 0.56 
Pain/discomfort 0.52 0.49 0.55 0.63 
Anxiety/depression 0.17 0.28 0.22 0.28 
     
 Chinese Lequesne Algofunctional Index (n=131) 
Chinese SF-36     
Physical Functioning -0.41 -0.66 -0.61 -0.69 
Role-Physical -0.25 -0.30 -0.38 -0.40 
Bodily Pain -0.19 -0.21 -0.02 -0.17 
General Health -0.22 -0.07 -0.25 -0.18 
Vitality -0.30 -0.15 -0.24 -0.24 
Social Functioning -0.31 -0.39 -0.19 -0.38 
Role-emotional -0.30 -0.17 -0.21 -0.29 
Mental Health -0.33 -0.21 -0.17 -0.28 
     
Chinese EQ-5D     
Mobility 0.32 0.38 0.36 0.46 
Self-care 0.29 0.29 0.17 0.32 
Usual activities 0.34 0.20 0.32 0.36 
Pain/discomfort 0.45 0.37 0.35 0.48 
Anxiety/depression 0.35 0.10 0.13 0.23 
     
*a-priori hypotheses are shown for convergent construct validity (bold) and divergent 
construct validity (bold italics). Hypotheses which are supported are underlined.  






In this study, Singapore English and Chinese versions of the Lequesne 
Algofunctional Index of knee demonstrated acceptable psychometric properties in the 
multiethnic Asian subjects with knee OA in Singapore. These findings imply that the 
Lequesne index is a reliable and valid HRQoL measure in this socio-cultural context. 
This is very encouraging as the Lequesne index consists of only 10 items which are 
important not only in Western (see Chapter 2) but also in Eastern socio-cultural 
contexts (see Chapter 3). Therefore, this study provides the basis for future HRQoL 
assessment using this instrument in Asian OA subjects and also allows the 
comparison across different socio-cultural contexts. To the best of our knowledge, 
this is one of the first studies adapting and validating the English and Chinese 
Lequesne index in Asia.  
 
Internal consistency of the English version is comparable to but slightly better 
than the Chinese version. However, the lower Cronbach’ alpha was observed for pain 
or discomfort in both versions. Similar finding had been reported by Stucki et al 
(Stucki et al., 1996).  From the clinician’s perspective, subjects with “pain at night 
even without movement” (compared with pain only on movement or in certain 
positions) might not be more likely to experience “pain or stiffness for more than 15 
minutes after getting up in the morning” (compared with pain or stiffness for 1-15 
minutes in the morning). Additionally, dichotomous response options are adopted by 
two items in this domain, while the polytomous response options by the remaining 3 




items in the same domain. Therefore, the varying grading schedules adopted for the 
different items within the pain or discomfort domain might be responsible for the lack 
of internal consistency, compared with the higher internal consistency in activities of 
daily living domain where the grading schedule is consistent across all 4 constituent 
items. Test-retest reliability is good for all domains in both versions with the 
exception of activities of daily living in the Chinese version for which the ICC 
marginally reached the cutoff value of 0.70. For the global index, the reliability of the 
Singapore English version is comparable with the French version (Faucher et al., 
2003), and better than the German (Stucki et al., 1998) and Korean versions (Bae et 
al., 2001). In contrast, the reliability of the Chinese version is the same as German 
version (Stucki et al., 1998), but lower than the French (Faucher et al., 2003) and 
Korean versions (Bae et al., 2001). 
 
Notably, both versions of the Lequesne index are highly suggested to be used 
as a single global index rather than three domains individually, which can be 
supported by the presence of generally better psychometric properties of the single 
global index. First, the internal consistency and test-retest reliability are good for a 
single global index. Second, all items in pain or discomfort domain in both versions 
did not correlate with its hypothetical domain in an expected manner. Instead, all of 
these items correlated moderately or strongly with the single global index (data now 
shown). Third, the convergent and divergent construct validity is better for the global 
index than the 3 individual domains in both versions.   
 




Nonetheless, this study demonstrated that both versions of the Lequesne index 
are actually not uni-dimensional HRQoL measures as it was designed to be (Lequesne, 
1991; Lequesne et al., 1987; Lequesne, 1997), which could be supported by the 2 
factors extracted in both versions in the present study and similar finding in previous 
study (Faucher et al., 2003). The factor loadings were similar for the majority items in 
both versions with the exception of 3 items in pain or discomfort domain (i.e. Item 3: 
“pain after standing for 30 minutes”, Item 4: “pain while ambulating”, and Item 5: 
“pain while getting up from sitting without the help of arms”). In the English version, 
Item 3 loaded highly on to the first factor (representing physical function), while 
Items 4 and 5 the second factor (representing symptoms). In contrast, in the Chinese 
version, Item 3 loaded highly on to the second factor, while Items 4 and 5 the first 
factor. As all the 3 items ask about the pain associated with a specific function, this 
might be explained by the well-known fact that pain and physical function are closely 
related and equally important in OA outcome measures (Guccione et al., 1990), 
which can also be supported by the moderate correlations between pain or discomfort 
domain in both versions of the Lequesne index with SF-36 physical function in the 
present study (Table 6.4). Some subjects may answer the questions according to pain, 
while others according to specific function. A further qualitative study is needed to 
reveal the underlying factors responsible for the variation observed in different 
language group.   
 
The construct validity is supported by the presence of expected correlations 
between the Lequesne index and SF-36 and EQ-5D domains measuring similar or 




dissimilar constructs. However, the pain or discomfort domain in both versions 
correlated lowlier than expected with SF-36 bodily pain and EQ-5D pain/discomfort. 
It might be due to the fact that not only pain but also stiffness is measured in the 
Lequesne index which is some different concept from pain. In addition, it should be 
noted that only lower limb function is evaluated in the Lequesne index, compared 
with both lower and upper limb function evaluated in the SF-36 and the EQ-5D, 
which may also explain some lower correlations between scales measuring similar 
constructs. 
 
We recognized several limitations of this study. First, the responsiveness of 
the Lequesne index could not be assessed in this study, which will be addressed in the 
longitudinal part of this project. Second, all subjects in the present study were 
scheduled for total knee replacement, which may represent the more severe patient 
group. Therefore, the results obtained in the present study may not be readily 
applicable to the entire knee OA patient group in local setting.  It thus suggests that 
the Lequesne index should be assessed among patient groups with different severity 
based on clinical and laboratory evidences, especially outsubjects, in further study. 
Third, different ways of test and retest interviews (i.e. face-to-face versus telephone) 
adopted, the relatively small number of subjects completed the retest interview, and 
relatively short test-retest interval may have a certain impact on the reliability 
presented in this study, which should be explained with caution. 
 
 




In conclusion, acceptable reliability and validity are demonstrated among 
multiethnic Asian subjects with knee OA for the English and Chinese versions of the 
Lequesne index, which suggests that it could be used as a global index in the HRQoL 
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Cross-Cultural Adaptation and Validation 
of Singapore English and Chinese Versions 
of the Oxford Knee Score (OKS) in Knee 
Osteoarthritis Subjects Undergoing Total 
Knee Replacement in Singapore 
 





Knee osteoarthritis (OA) is characterized by pain and physical disability, 
which lead to a significant reduction in health-related quality of life (HRQoL) of 
subjects (O'Reilly and Doherty, 2003). Total knee replacement (TKR), though 
expensive (Faulkner et al., 1998; Macario et al., 1997; Mushinski, 1996), is among 
the most effective treatments recommended for subjects with severe knee OA and can 
result in substantial improvements in HRQoL (Buckwalter and Lohmander, 1994; 
Callahan et al., 1994; Drewett et al., 1992).  
 
A valid HRQoL questionnaire can be used both to determine the 
appropriateness of adopting TKR for subjects (Quintana et al., 2006) and also to 
measure the outcome of such surgery (Drewett et al., 1992; Norman-Taylor et al., 
1996). Currently, a number of generic (e.g. the SF-36) and OA-specific HRQoL 
questionnaires (e.g. the WOMAC) have demonstrated effectiveness when applied to 
subjects undergoing TKR as improvements in HRQoL after the surgery have been 
successfully detected by these instruments (Drewett et al., 1992; Kantz et al., 1992; 
Quintana et al., 2006). Although useful, they are rather lengthy and may not fully 
capture the changes in HRQoL caused by TKR, as they were not designed 
specifically for measuring the outcome of this procedure. The Oxford knee score 
(OKS) is a 12-item questionnaire developed specifically for use in TKR and has 
demonstrated good validity, reliability, and sensitivity to change in different countries 
(Dawson et al., 1998; Dunbar et al., 2000; Haverkamp et al., 2005; Padua et al., 2003). 
With the rapidly aging population in Asia, an increasing number of TKR surgeries are 




being performed. It is thus necessary to have a valid and reliable HRQoL 
questionnaire such as the OKS to measure the outcome of TKR in Asia. The objective 
of this study was therefore to cross-culturally adapt and validate Singapore English 
and Chinese versions of the OKS in a multiethnic sample of Asian subjects with knee 





(See Chapter 5 for details of the adaptation process) 
 
Validation Study  
Data Collection 
All subjects were asked to complete an identical, pretested questionnaire 
containing the OKS, SF-36, and EQ-5D (see Chapter 5 for details of data collection).    
 
Instruments 
The Oxford knee score, a procedure- and joint-specific HRQoL instrument, 
consists of 12 questions assessing pain and physical disability using a 5-point Likert 
scale scoring system, which yields to a single score ranging from a best functional 
outcome of 12 to a worst functional outcome of 60 (Dawson et al., 1998).  
 
The Short Form 36 Health Survey (SF-36) and EQ-5D self-report 
questionnaire (EQ-5D) (see Chapter 5 for details of these instruments). 




Assessment of Psychometric Properties 
 Content validity was assessed through cognitive debriefing and pilot test in 
subjects with knee OA by asking subjects whether any items were irrelevant, and 
whether any important areas were not included in the OKS. Internal consistency 
reliability was assessed using Cronbach’s alpha (see Chapter 5 for details). The effect 
of removing any single question on alpha was also examined (Dawson et al., 1998; 
Dunbar et al., 2000). Dimensionality was assessed through exploratory principal 
component factor analysis with non-orthogonal promax rotation based on the well-
known fact that pain and physical function in OA are closely related (Guccione et al., 
1990). Additionally, the item-total correlation (corrected for overlap) was assessed 
usng Spearman’s rank correlations (ρ) between the OKS score and their constituent 
items with ρ≥0.4 being considered acceptable (Fayers and Machin, 2000). Construct 
validity was assessed through expected Spearman’s rank correlations of the OKS with 
SF-36 domains based on the literature (Dawson et al., 1998; Dunbar et al., 2000; 
Haverkamp et al., 2005; Padua et al., 2003), and EQ-5D domains based on the 
clinical experience (see Chapter 5 for details). Thus, for convergent construct validity, 
6 a-priori hypotheses were generated for which moderate to strong correlations 
(ρ≥0.35) were expected between the OKS and SF-36 physical functioning, role-
physical, bodily pain, and EQ-5D mobility, usual activities, and pain/discomfort 
scores. For divergent construct validity, 3 a-priori hypotheses were generated for 
which weak correlations were expected between the OKS and SF-36 role-emotional 
and mental health and EQ-5D anxiety/depression scores.  
 





Cross-Cultural Adaptation Process 
Singapore English and Chinese versions of the OKS were well accepted in 
cognitive debriefing and pilot testing. Subjects understood the OKS, and opined that 
all items were relevant and that no important areas had been omitted by this 
instrument. Thus both versions were used in subsequent validation study without any 
further revisions.   
 
Validation Study 
Subject Characteristics  
The characteristics of the study subjects has been described in previous 
chapter (see Chapter 5, Table 5.1 for details of subject characteristics)  
 
Assessment of Psychometric Properties 
The OKS scores were normally distributed, with no missing data for any item. 
Distribution of scores was comparable between the English and Chinese versions. 
Although floor or ceiling effect was observed for individual items, there was no 
pronounced floor or ceiling effect for either version at a scale level (Table 7.1). 
Internal consistency was good with Cronbach’s alpha of 0.82 and 0.81 for the English 
and Chinese versions, respectively. Cronbach’s alpha was slightly decreased when 
removing any item with the exception of limping in both versions and night knee pain 
in the English version (Table 7.1).  
 




As shown in Table 7.2, exploratory principal component factor analysis with 
non-orthogonal promax rotation extracted 3 factors in both versions of the OKS. The 
3 factors accounted for 60.5% and 53.6% of the variances in the English and Chinese 
versions, respectively. In the English version, items measuring physical disability 
generally loaded on to factor 1 while those measuring pain loaded on to factor 2. 
Factor 3 appears to be a construct related to both pain and physical disability. In the 
Chinese version, 10 items measuring pain or physical disability loaded on to factor 1, 
while limping loaded on to factor 2 and kneeling and night knee pain on to factor 3. 
The item-total correlations (corrected for overlap) exceeded 0.4 for all but 3 items, 
namely, limping, kneeling, and night knee pain in both versions (Table 7.1).  
  
Table 7.1. Score Distributions and Reliability of Singapore English and Chinese Versions of the Oxford Knee Score 
Mean(SD) % at floor/ceiling Item-total correlation α if item removed Oxford knee score item  
(score range 1 to 5) English Chinese English Chinese English Chinese English Chinese 
          
Usual level of knee pain 4.44(0.74) 4.43(0.75)  57.5/0 55.7/0 0.60 0.45 0.81 0.80 
Trouble with washing and drying 1.83(1.02) 1.69(0.92)  0/53.5 0.8/57.3 0.40 0.40 0.81 0.80 
Trouble with transport 2.82(1.17) 3.32(1.19)  3.9/17.3 14.5/9.9 0.64 0.65 0.79 0.77 
Walking time before severe pain 2.74(1.04) 2.95(1.00)  3.9/13.4 4.6/10.7 0.59 0.56 0.80 0.78 
Pain on standing up from sitting 2.91(1.06) 2.84(1.20)  1.6/11.0 5.3/16.8 0.64 0.54 0.80 0.78 
Limping when walking 3.95(1.49) 3.83(1.49)  61.4/10.2 54.2/12.2   0.15*   0.21* 0.84 0.82 
Difficulty with kneeling 4.64(0.75) 4.73(0.57)  76.4/0 79.4/0   0.30*   0.33* 0.82 0.80 
Pain in bed at night 2.57(1.62) 2.26(1.33)  21.3/44.9 9.9/43.5   0.25*   0.28* 0.83 0.81 
Work interference due to pain 3.17(1.15) 3.18(1.18)  11.0/11.0 12.2/11.5 0.60 0.56 0.80 0.78 
Sense of knee instability 2.23(1.29) 2.16(1.28)  6.3/38.6 6.1/42.0 0.44 0.45 0.81 0.79 
Doing household shopping alone 3.30(1.32) 3.37(1.26)  24.4/11.8 26.0/6.9 0.63 0.63 0.80 0.77 
Trouble with walking down stairs 3.39(0.88) 3.62(0.88)  10.2/0.8 14.5/0 0.75 0.64 0.79 0.78 
Total 37.97(8.11) 38.37(7.56)  0/0 0/0 -- -- 0.82 0.81 
          
SD: standard deviation; α: Cronbach’s alpha.  
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Table 7.2. Exploratory Factor Analysis of Singapore English and Chinese Versions 
of the Oxford Knee Score 
 Factor 
Item English version Chinese version 
 1 2 3 1 2 3 
       
Usual level of knee pain 0.09 0.63 0.33 0.68 -0.32 0.31 
Trouble with washing and drying 0.68 0.19 -0.50 0.68 -0.28 -0.16 
Trouble with transport 0.64 0.24 0.03 0.69 0.13 0.02 
Walking time before severe pain 0.83 -0.15 0.04 0.55 0.27 -0.08 
Pain on standing up from sitting 0.30 0.57 0.15 0.66 0.03 -0.11 
Limping when walking -0.19 0.11 0.79 -0.20 0.93 0.11 
Difficulty with kneeling  0.14 -0.01 0.64 0.21 0.19 0.75 
Pain in bed at night -0.20 0.88 -0.08 0.42 0.03 -0.57 
Work interference due to pain 0.73 0.03 -0.01 0.60 0.18 -0.12 
Sense of knee instability 0.70 -0.02 -0.23 0.67 -0.16 0.07 
   Doing household shopping alone 0.77 -0.22 0.30 0.51 0.43 0.02 
Trouble with walking down stairs 0.74 -0.02 0.28 0.68 0.12 0.14 
       
Initial eigenvalue 4.72 1.41 1.13 4.23 1.16 1.04 
       
Variance accounted for (%) 39.33 11.74 9.40 35.22 9.70 8.65 
       
Pattern matrix was resulted from principal component factoring with promax rotation with 
the items loading more than 0.4 in bold italics.  
Kaiser-Meyer-Olkin measure of sampling adequacy was 0.846 for English version and 
0.851 for Chinese version. 
 
 
Good convergent construct validity was demonstrated by the presence of 
moderate to strong correlations for 6 and 5 a-priori hypotheses for English and 
Chinese versions respectively, with the exception of the Chinese OKS correlating 
weakly with SF-36 bodily pain scores (Table 7.3). All 3 a-priori hypotheses for 
divergent construct validity were supported in both versions (Table 7.3).  
 










Table 7.3. Construct validity: correlation between the OKS and 
SF-36 and EQ-5D* 
 OKS 
 English Chinese 
   
SF-36   
Physical Functioning -0.73 -0.72 
Role-Physical -0.37 -0.45 
Bodily Pain -0.54 -0.23 
General Health -0.22 -0.20 
Vitality -0.32 -0.30 
Social Functioning -0.49 -0.40 
Role-emotional -0.09 -0.25 
Mental Health -0.18 -0.30 
   
EQ-5D   
Mobility 0.41 0.46 
Self-care 0.28 0.35 
Usual activities 0.44 0.46 
Pain/discomfort 0.62 0.49 
Anxiety/depression 0.20 0.25 
   
             OKS: Oxford knee score.  
* a-priori hypotheses are shown for convergent construct validity 
(bold) and divergent construct validity (bold italics). Hypotheses 
which are supported are underlined.  
 





In this study, we found that cross-culturally adapted Singapore English and 
Chinese versions of the Oxford knee score were well accepted and demonstrated good 
psychometric properties (including good construct validity) in a multiethnic sample of 
Asian knee OA subjects undergoing TKR. To the best of our knowledge, this is one 
of the first studies validating the English and Chinese OKS in Asia 
(Charoencholvanich and Pongcharoen, 2005). 
 
Patient acceptability, internal consistency and construct validity of both 
versions of the OKS were acceptable in this study. Construct validity of both versions 
was supported by the presence of all hypothesized correlations between the OKS and 
SF-36 and EQ-5D domains measuring similar constructs, with the exception of the 
Chinese OKS correlating weakly with SF-36 bodily pain scores. This may be due to 
cultural differences between Chinese- and English-speaking subjects. In Chinese 
culture, the impact of a certain disease is not limited to the part of body directly 
affected by a disease. It can also affect the psychological function of the subjects and 
even their family members. This observation would be of particular importance for 
clinicians treating Chinese patients whether in Asia or among the migrant Chinese 
populations in western countries. 
 
The results of exploratory factor analysis and item-total correlations in this 
study raise the possibility that the OKS may have a factor structure encompassing 
more than one underlying domain of health. In both versions, the items measuring 




pain and physical disability did not load on to the same factor. Additionally, several 
items correlated more weakly than expected with the OKS score in both versions. 
First, the item “limping when walking” loaded on a factor other than those 
representing pain and physical disability, and correlated weakly with the OKS score 
in both versions. Internal consistency (measured by Cronbach’s alpha) improved for 
both versions when this item was removed (Table 7.1). This may further support the 
hypothesis that this item measures a construct other than pain and physical disability. 
Second, the item “difficulty with kneeling” showed the highest score (i.e. greatest 
impairment) among all items, suggesting it was very difficult to perform in these 
subjects. Subjects are also advised not to kneel after TKR unless absolutely necessary 
(Whitehouse et al., 2005). For these reasons, this item may not perform as it was 
designed to, as reflected in the results of factor analysis and item-total correlations.  
 
The main limitation of the present study is that we did not examine test-retest 
reliability and sensitivity to change of the OKS, which we plan to addressed in a 
subsequent prospective study.  
 
In conclusion, Singapore English and Chinese versions of the OKS 
demonstrated good patient acceptability and psychometric properties (including 
construct validity) among multiethnic Asian subjects with knee OA undergoing TKR, 













A Comparison of EQ-5D and SF-6D in 
Multiethnic Asian Subjects with Knee 
Osteoarthritis in Singapore 
 





Preference-based health-related quality of life (HRQoL) measures are 
commonly used to elicit health state values for calculating quality adjusted life years 
(QALYs), which are an essential component of cost-utility analysis (CUA). CUA and 
other economic evaluations have become increasingly important in informing 
selection of cost-effective treatments, given the increasing dilemma of new and costly 
therapeutic options coupled with finite health resources.  
 
The EuroQol (EQ-5D) (Dolan, 1997) and SF-6D (Brazier et al., 2002) are 
preference-based HRQoL instruments increasingly used for economic evaluations of 
clinical interventions and health programs. Both instruments classify a respondent’s 
self-reported health status according to a specific descriptive/classification system 
and assign a utility score from a scale on which 1 represents a state of full health and 
0 represents being dead.  Both instruments measure health in terms of physical 
function, pain, and mental health, and have a scoring function derived from statistical 
modelling of preferences for multi-deficit health states elicited from the UK general 
population (Kopec and Willison, 2003). However, some differences between these 
two instruments need to be noted. First, the SF-6D has a larger health descriptive 
system than the EQ-5D (18,000 vs 243 health states) and therefore may capture 
smaller health changes (Bryan and Longworth, 2005). Second, EQ-5D utility scores 
are health preferences measured using the time trade-off (TTO) method, while the 
SF-6D utility function is derived using the standard gamble (SG) method (Brazier et 
al., 2002; Dolan, 1997). These differences may lead to different utility scores when 




applied to the same subject, and thus caution needs to be exercised when choosing 
these instruments for measuring utility in a particular study.  
 
Knee osteoarthritis (OA), a chronic degenerative disease, is one of the leading 
causes of pain and physical disability worldwide (Corti and Rigon, 2003). Its impact 
on HRQoL of patients has been demonstrated to vary to a certain extent across socio-
cultural contexts (see Chapter 2 and 3). The EQ-5D has recently been widely used to 
measure the HRQoL of patients with OA (Brazier et al., 1999; Conner-Spady et al., 
2004; Fransen and Edmonds, 1999; Ostendorf et al., 2004; Pipitone and Scott, 2001; 
Turner et al., 2000), while several studies have used the SF-6D (a more recently 
available instrument) in OA patients (Brazier et al., 2004; Feeny et al., 2004). These 
two instruments have been compared in other diseases (Barton et al., 2004; Brazier et 
al., 2004; Conner-Spady and Suarez-Almazor, 2003; Fisk et al., 2005; Gerard et al., 
2004; Longworth and Bryan, 2003; Marra et al., 2005; McDonough et al., 2005; 
Pickard et al., 2005; Stavem et al., 2005; van Stel and Buskens, 2006) and in a 
general population (Petrou and Hockley, 2005; Tsuchiya et al., 2006). However, some 
gaps are noted in the existing literature. First, conclusions as to which instrument 
performs better have not been consistent across diseases and studies, highlighting the 
necessity for such comparisons to be made in a wider spectrum of diseases and socio-
cultural contexts. Second, only a few studies in Western countries have compared the 
performance of the EQ-5D and SF-6D in OA (Brazier et al., 2004; Conner-Spady et 
al., 2004), a disease in which economic evaluations are expected to be of increasing 
importance (Drummond et al., 2003). Thus the aim of the present study is to compare 




the performance of the EQ-5D and SF-6D in multiethnic Asian patients with knee OA 




In this institutional review board (IRB) approved study, a consecutive sample 
of subjects with knee OA scheduled for total knee replacement (TKR) was recruited 
from the Department of Orthopaedic Surgery at Singapore General Hospital, a tertiary 
referral hospital in Singapore, from August to December 2005. Subjects were eligible 
if they were diagnosed with knee OA by their attending Orthopaedic surgeon, based 
on clinical and radiographic features and agreed to participate. Each subject was 
interviewed by a trained interviewer in either English or Chinese using an identical, 
pretested questionnaire containing the EQ-5D, SF-36, West Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC), and Lequesne knee index and assessing 
socio-demographic data and chronic medical conditions.  
 
Instruments 
The EQ-5D self-report questionnaire (EQ-5D) measures 5 domains of HRQoL 
including mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. 
Each of the 5 domains is assessed by a single question with 3 levels (no problem, 
some problems, and extreme problems) to define a total of 243 health states. The EQ-
5D value set was first developed by using TTO technique for a sample of these health 




states from a representative sample of the UK general population (Dolan, 1997). A 
single index score can be generated by the EQ-5D for each respondent, ranging from 
-0.59 to 1.00, with 0 representing the health state of being dead and 1.00 representing 
the state of “full health”. Both English and Chinese versions of the EQ-5D have been 
validated for use in Singapore (Luo et al., 2003c; Luo et al., 2003d). 
 
The SF-6D, derived from the Short Form 36 Health Survey (SF-36) based on 
the established algorithm developed by Brazier et al (2002), is a multi-dimensional 
health classification system assessing the 6 domains of physical functioning (PF), role 
limitation (RL), social functioning (SF), pain (PN), mental health (MH), and vitality 
(VT) with 4 to 6 levels for each domain. A SF-6D health state is defined by selecting 
one level from each domain, which results in a total of 18,000 health states. The SF-
6D value set was derived from valuation of a sample of 249 SF-6D health states by 
using SG technique from a representative sample of the UK population (Brazier et al., 
2002). Utility scores generated by the SF-6D range from 0.29 to 1.00, with 1.00 
representing “full health” and 0.29 representing the worst possible health state 
defined by the SF-6D (i.e. all domains being at the worst level). Equivalence of 
English and Chinese SF-6D versions has been demonstrated in Singapore (Wee et al., 
2004). 
 
The Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC), a 24-item OA-specific HRQoL instrument, consists of 3 domains, 
namely, pain, stiffness, and physical function. Each of these 24 items is graded either 




on a five-point Likert scale or a 100-mm visual analogue scale (VAS)  (Barr et al., 
1994; Bellamy et al., 1988). In this study, we used Likert scale scoring (version LK 
3.0). The domain score ranges from 0 to 20 for pain, 0 to 8 for stiffness, and 0 to 68 
for physical function. A normalized score is calculated for each domain with 100 
indicating no symptoms and functional limitation and 0 indicating extreme symptoms 
and functional limitation.  
 
The Lequesne knee index (see Chapter 6 for the details of this instrument) 
 
Statistical Analysis 
The EQ-5D and SF-6D utility scores were calculated using the scoring 
algorithms developed by Dolan (Dolan, 1997) and Brazier (Brazier et al., 2002), 
respectively. Scores for both instruments were compared at both domain and scale 
levels. At domain level, we assessed the degree of agreement between domains of 
these two instruments measuring similar health constructs using Spearman’s rank 
correlation, with correlation coefficients of >0.50, 0.35 to 0.50, and <0.35 considered 
strong, moderate, and weak based on the literature (Juniper et al., 1996).  
 
At scale level, we compared the distribution and mean (standard deviation, SD) 
and median (interquartile range, IQR) utility scores generated by both instruments. 
Paired comparisons were made for the whole sample as well as for several subgroups 
categorised by ethnicity (Chinese or other ethnic groups), language spoken (English 
or Chinese), self-reported general health (excellent, good or fair), and dichotomous 




levels of impairment in HRQoL. Self-reported general health was defined as excellent, 
good or fair if a patient’s response to the first question of SF-36 (which is not part of 
the SF-6D), “in general, would you say your health is?” was excellent/very good, 
good or fair/poor, respectively. Patients with different levels of impairment in the 
HRQoL were classified according to their Lequesne global index score using 10 as a 
cutoff point as recommended in the literature (Lequesne, 1997). The degree of 
agreement between the utility scores of these two instruments was also examined by 
calculating the intraclass correlation coefficient (ICC) (two-way random effects 
model with absolute agreement) (Brazier et al., 2004) and using Bland-Altman plot of 
the EQ-5D and SF-6D utility scores (Bland and Altman, 1986). The measure 
agreement between the two instruments with an ICC ≥ 0.7 is considered acceptable 
(Fayers and Machin, 2000). The associations between the two preference-based 
instruments and OA-specific instruments were assessed by using Spearman’s rank 
correlation and plotting the EQ-5D and SF-6D utility scores against the Lequesne 
global index scores.  
 
Data were entered into Microsoft Excel Spreadsheet (Microsoft Corporation, 
Redmond, WA) and analyzed using SPSS 13.0 (SPSS Inc., Chicago, IL). All 
statistical tests were two-tailed and conducted at a 5% level of significance. 
 





Characteristics of Subjects 
A consecutive sample of 258 subjects with knee OA participated in this study, 
including 127 English- and 131 Chinese-speaking subjects. Characteristics of subjects 
in each language group and the whole sample are shown in Table 8.1. The mean age 
of the subjects was 66 years, with the majority of being female (83%), ethnic Chinese 
(89%), and a mean duration of OA of 6 years. The characteristics of English- and 
Chinese-speaking subjects were generally similar (Table 8.1). No significant 
difference in the WOMAC and Lequesne global index scores between the English- 
and Chinese-speaking subjects were found (p>0.1, Student t test). 
 
Domain Level Comparison 
The degree of agreement between EQ-5D and SF-6D domains measuring 
similar constructs in terms of Spearman’s rank correlation was only weak to moderate 
(Table 8.2). The correlations (i.e. EQ-5D mobility, self-care, usual activities and SF-
6D physical functioning; EQ-5D pain and SF-6D pain; and EQ-5D anxiety/depression 
and SF-6D mental health) ranged from 0.22 to 0.44.  
 




Table 8.1. Characteristics of Patients Completing the EQ-5D and SF-6D 
 n(%) unless stated 






Mean(SD) age (years) 65.3(7.9) 67.8(7.1) 66.6(7.6) 
    
Female 97(76.4) 116(88.5) 213(82.6) 
    
Ethnicity    
    Chinese  99(78.0) 131(100) 230(89.1) 
    Malay 10(7.9) -- 10(3.9) 
    Indian 14(11.0) -- 14(5.4) 
    Others 4(3.1) -- 4(1.6) 
    
Years of education    
    No formal education 34(26.8) 73(55.7) 107(41.5) 
    1- 6  44(34.6) 41(31.3) 85(32.9) 
    7-10  33(26.0) 13(9.9) 46(17.8) 
    >10  12(9.4) 2(1.6) 14(5.4) 
    
Married 113(89.0) 122(93.1) 235(91.1) 
    
Retirees/homemakers 103(81.1) 119(90.8) 222(86.0) 
    
Mean(SD) body mass index*  28.6(5.4) 27.8(3.9) 28.2(4.7) 
    
Mean(SD), duration of osteoarthritis(years) 5.9(5.6) 6.1(4.7) 6.0(5.2) 
    
Knee scheduled for surgery    
    Right 75(59.1) 74(56.5) 149(57.8) 
    Left 50(39.4) 56(42.7) 106(41.1) 
    Both 2(1.6) 1(0.8) 3(1.2) 
    
Presence of chronic medical conditions 87(68.5) 89(67.9) 176(68.2) 
    
Mean (SD), Lequesne global index score 14.6(4.2) 15.0(3.8) 14.8(4.0) 
    
Mean (SD), WOMAC score    
    Pain 67.5(16.6) 67.9(15.0) 67.7(15.7) 
    Stiffness  60.6(25.7) 61.5(25.0) 61.0(25.3) 
    Physical function 60.8(16.9) 62.0(12.8) 61.4(15.0) 
        
* A total of 115 English- and 124 Chinese-speaking patients were obese which is 
defined as body mass index exceeding 23.  




Table 8.2. Spearman’s Rank Correlations between EQ-5D and SF-6D Domains 
 EQ-5D 
SF-6D MOB SELFC UACT PAIN MOOD 
      
PF 0.332 0.280  0.328 0.269 0.125 
RL 0.170 0.154 0.220 0.142 0.187 
SF 0.279 0.232 0.272 0.440 0.105 
PN 0.165 0.210 0.183 0.439 0.040 
MH 0.102 0.172 0.154 0.140 0.429 
VT 0.019 0.138 0.118 0.156 0.150 
      
The correlations between the domains measuring similar constructs are in bold. 
EQ-5D domains: MOB: mobility; SFLFC: selfcare; UACT: usual activities; PAIN: 
pain/discomfort; MOOD: anxiety/depression. Suggest spelling these out in full in the 
columm and row headings if space permits, as this would help readers 
SF-6D domains: PF: physical functioning; RL: role limitation; SF: social functioning; 
PN: pain; MH: mental health; VT: vitality.  
 
 
Scale Level Comparison 
The 3 most commonly reported EQ-5D profiles were 11121 (14.8%), 
21121(12.5%), and 21221 (12.1%), while reported SF-6D profiles were spread across 
a very large number of states, none of which was reported by more than 4 subjects 
(1.6%). The distribution of EQ-5D utility scores was bimodal (p<0.001, Kolmogorov-
Smirnov test), while that of SF-6D utility scores was normal (p=0.467, Kolmogorov-
Smirnov test) (Figures 8.1 and 8.2). Mean (SD) and median (IQR) EQ-5D utility 
scores were 0.49 (0.31) and 0.66 (0.57), respectively, and corresponding SF-6D 
utility scores were 0.63 (0.12) and 0.63 (0.17), respectively (Table 8.3). Poor 
agreement between the two instruments was observed despite the strong correlation 
between them (Spearman’s rank coefficient p=0.53, data not shown) (Table 8.4). The 
ICC was relatively low for the whole sample as well as for the examined subgroups, 




ranging from 0.18 to 0.54 (Table 8.3). The Bland-Altman plot of the EQ-5D and SF-
6D utility scores is displayed in Figure 8.3, which explicitly demonstrated that there 
was a wide interval (i.e. 1.05) between the upper and lower limits of the agreement 
(Bland and Altman, 1999). There are two clusters, distinguished by utility scores 
above or below 0.50 (Figure 8.3). Differences in utility scores (i.e., SF-6D minus EQ-
5D) were above the mean difference for almost all subjects who reported extreme 
problems for at least one EQ-5D domain (i.e. level 3), but below the mean difference 
for almost all subjects who did not report extreme problems for any EQ-5D domain 
(i.e. level 1 or 2). This suggested that extreme problems could be the cause of the 
bimodal distribution, which is consistent with a previous study in knee OA (Brazier et 
al., 2004).  












Table 8.3. Comparison of the EQ-5D and SF-6D Utility Scores by Subgroups 
  Mean (SD)  Median (IQR)   
 n EQ-5D SF-6D  EQ-5D SF-6D ICC P* 
         
Ethnicity         


















        
Language        


















        
General health status†        



























        
Impairment in HRQoL‡        


















        









        
SD: standard deviation; IQR: interquartile range; ICC: intraclass correlation 
coefficient; OA: osteoarthritis; HRQoL: health-related quality of life. 
*Wilcoxon signed rank test was adopted.  
† Patients giving the response of excellent or very good, good, and fair or poor to the 
first question of SF-36 were classified into excellent, good, and fair, respectively. 
‡ Impairment in HRQoL was classified according to Lequesne global index score. 
 













































Figure 8.3. Bland-Altman Plot of Difference in Utility Scores between SF-6D and EQ-5D
+: Patients with N3=1
o: Patients with N3=0
 




The mean SF-6D utility score exceeded the mean EQ-5D score by 0.14 for the 
whole sample. Conversely, the median EQ-5D utility score exceeded the median SF-
6D score by 0.03 for the whole sample. This pattern was generally found across the 
examined subgroups (Table 8.3). The differences in utility scores between Chinese 
and all other ethnic subjects and between Chinese- and English-speaking subjects 
were larger for the EQ-5D compared with the SF-6D. The differences in utility scores 
between different subject groups with various self-reported general health or 
impairment in HRQoL was more evident for the EQ-5D than the SF-6D (Table 8.3).  
 
Correlations of the EQ-5D utility score with the WOMAC and Lequesne 
index scores were strong with the only exception of WOMAC stiffness domain. In 
constrast, the correlations of the SF-6D utility score with these domains were only 
weak to moderate (Table 8.4). The plot of the EQ-5D and SF-6D utility scores to the 
Lequesne global index score is shown in Figure 8.4. There was a downward trend in 
utility scores of the EQ-5D and SF-6D with higher Lequesne global index scores, and 
this trend was generally more evident for the EQ-5D than the SF-6D.  
















Lequesne Global Index Score
Figure 8.4. EQ-5D and SF-6D Utility Scores vs Lequesne Global Index Score
+: EQ-5D utility score
о: SF-6D utility score
 












  Table 8.4. Correlations of the EQ-5D and SF-6D with the WOMAC and 
Lequesne index 
 EQ-5D utility score SF-6D utility score 
   
SF-6D utility score 0.534**  
   
WOMAC    
  Pain 0.573** 0.379** 
  Stiffness 0.464** 0.403** 
  Physical function 0.614** 0.391** 
   
Lequesne index   
  Pain or discomfort -0.570** -0.328** 
  Maximum distance walked -0.523** -0.353** 
  Activities of daily living -0.533** -0.281** 
  Global index -0.661** -0.409** 
   
     WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index. 
     ** p<0.01.  





Using an appropriate and valid utility index derived from a preference-based 
HRQoL instrument is one of the key determinants in ensuring the quality of cost-
utility analysis in health care. It is therefore important to understand the performance 
of different preference-based instruments across various diseases and socio-cultural 
contexts. In this study, we found that the EQ-5D and SF-6D demonstrated poor 
agreement at both domain and scale levels in a population of Asian patients with knee 
OA. These findings highlight concerns regarding the choice of preference-based 
HRQoL instruments for economic evaluations in OA. If such instruments do not 
accurately reflect changes in HRQoL arising from treatment or other interventions, 
the results of economic evaluations where effectiveness is measured in terms of 
utilities would be called into question. Our findings also highlight the importance of 
exploring the underlying factors contributing to the observed differences between 
these two instruments.  
 
The difference in mean utility scores for the 2 instruments in the present study 
deserves comment. EQ-5D and SF-6D score ranges in the present study were very 
similar to those published studies in knee OA (Brazier et al., 2004) and other diseases 
(McDonough et al., 2005; Stavem et al., 2005). Mean SF-6D utility scores exceeded 
mean EQ-5D utility scores by 0.14, which is significantly higher than the difference 
of 0.08 in OA patients reported by Brazier (Brazier et al., 2004), 0.04 in HIV patients 
(Stavem et al., 2005), and 0.03 in rheumatoid arthritis patients (Marra et al., 2005), 
but lower than that in patients with spinal diseases (i.e. 0.18) (McDonough et al., 




2005). This difference of 0.14 is substantially higher than the minimally important 
difference (MID) for the EQ-5D (MID=0.121) and the SF-6D (MID=0.035) for knee 
OA reported (Walters and Brazier, 2005). There are several possible reasons for this 
marked difference. First, the health descriptive system of SF-6D does not measure 
health states as severe as those assessed by the EQ-5D. This could have contributed to 
the lower EQ-5D scores (as compared to the SF-6D) seen in this study, which 
assessed patients with severe knee OA requiring knee replacement surgery (Table 
8.3). Second, EQ-5D utility scores are TTO-based, while SF-6D scores are SG-based, 
which have been shown to yield higher values than TTO-based scores (Green et al., 
2000; Tsuchiya et al., 2006). Notably, the present study also demonstrated a “cross-
over” effect in TTO and SG values (Dolan et al., 1996; Tsuchiya et al., 2006), with 
SF-6D scores being higher than EQ-5D scores for subjects with worse health states, 
and converse being seen for subjects with better health states (Figure 8.3).  
 
A simple example may illustrate the impact on decision-making using these 
different instruments. If the expected life years remaining are assumed to be 10 years 
for all OA patients and holding other variables constant, the incremental cost-
effectiveness ratio for TKR (assuming costing $15,000), compared with non-TKR 
(assuming costing $0), would be $4,688/QALY using the EQ-5D and $15,000/QALY 
using the SF-6D. This utility change was calculated assuming that the HRQoL of 
patients undergoing TKR would improve from a Lequesne global index score above 
10 to below 10 (Table 8.3). Thus two contrasting conclusions would be reached using 




these 2 instruments, if a threshold of $10,000/QALY is applied (Schackman et al., 
2004). 
 
The abovementioned reasons for differences between EQ-5D and SF-6D 
scores arise from the different health descriptive systems and methods for eliciting 
preferences, and are thus generally consistent across different studies and patient 
groups (Brazier et al., 2004). However, there are also some differences in these 2 
instruments which are specific to patients with knee OA which are germane and need 
to be highlighted. In this situation, the EQ-5D has some advantages over the SF-6D at 
an aggregate level (i.e. not head-to-head comparison). First, the EQ-5D demonstrated 
better discriminative ability between those with more severe and less severe 
impairment in HRQoL (based on Lequesne global index scores) than the SF-6D 
(Table 8.3). Second, the EQ-5D has better convergent construct validity, as shown by 
the presence of stronger correlations with WOMAC and Lequesne scores. In contrast, 
at individual level, the use of the EQ-5D in OA patients raises some concerns 
compared to the SF-6D as some of the participating subjects reported that their pain 
or physical disability was somewhere between the “none” and “moderate” options 
offered by the EQ-5D. These patients had to select one of these options, neither of 
which best described their health status. The performance of the EQ-5D in OA may 
be improved to a certain degree if more response options are added in EQ-5D, as has 
been suggested by some authors (Janssen and Bonsel, 2004).  
 




Our results need to be interpreted in the light of our study limitations. First, 
the number of patients reporting mild reductions in HRQoL (measured using the 
Lequesne global index) was small, which limits the generalizeablity of our findings. It 
is possible that the SF-6D may perform better than the EQ-5D in patients with mild to 
moderate OA, given that it measures a milder spectrum of reduction in health states 
(Brazier et al., 2004) and has more levels per domain. Second, test-retest reliability of 
these two instruments was not compared. Finally, scoring algorithms for both 
instruments used in the present study were developed from a general population of 
UK as no such algorithm is available in Singapore. However, use of algorithm from 
the same population should result in a more valid comparison. 
 
In conclusion, the agreement between EQ-5D and SF-6D utility scores was 
less than optimal among multiethnic Asian patients with knee OA undergoing TKR in 
Singapore. Although the EQ-5D performed better than the SF-6D in terms of 
discriminative ability and convergent construct validity in these patients, additional 
research is needed to improve certain aspects of its performance. Further comparative 
studies are also needed to elucidate the comparative performance of these instruments 
in patients with knee OA in a variety of social-cultural contexts and to determine 
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True Difference or Something Else? 
Problems in Cost of Osteoarthritis Studies 





Osteoarthritis (OA) is one of the highly prevalent chronic diseases worldwide 
and is a leading cause of pain and limitation in activities of daily living. It leads to not 
only the reduction in health-related quality of life (HRQoL) but also the substantial 
utilization of health care resources. With the growing magnitude of people affected 
by this condition, economic evaluation in OA is playing an increasing important role 
to inform the health policy.  
 
Cost of illness (COI) is one of  the important areas in economic evaluation in 
health, which evaluates the humanistic impact of a disease and the resources used in 
treating the disease (Bootman et al., 1999). It has 3 important components, namely, 
direct costs, indirect costs and intangible costs. Direct costs are defined as all 
resources consumed associated with the provision of an intervention or treatment for 
a disease (Luce et al., 1996). Indirect costs defined as productivity loss incurred by a 
disease, which are associated with lost or impaired ability to work or engage in usual 
activities due to morbidity or mortality including sick leave, earlier retirement, and 
premature death (Liljas, 1998; Lubeck, 2003; Lubeck and Yelin, 1988; Luce et al., 
1996). Intangible costs are defined as pain and suffering of subjects due to a disease, 
especially for chronic diseases such as OA where mobility rather than mortality is the 
major concern (Bootman et al., 1999). Normally, intangible costs are generally 
measured in term of reduction in HRQoL (Belotti et al., 2003b; Belotti et al., 2003c; 
Belotti et al., 2003d; Belotti et al., 2003g; Leardini et al., 2002).  
 




A COI study can highlight the impact of OA in a way different from the usual 
epidemiological estimates of mortality and morbidity (Drummond, 1992). Although 
without conveying any information of effectiveness, a COI study can effectively 
establish baseline cost information for other economic evaluations, or its findings still 
can be incorporated in cost-effectiveness analysis (CEA) by being considered as cost 
estimate of current treatment against the new treatment under study (Koopmanschap, 
1998). 
 
A COI study on rheumatic diseases has received a growing attention in the 
past decade, which can be highlighted by several reviews (Dunlop et al., 2003; 
Fautrel and Guillemin, 2002; Felts and Yelin, 1989; March and Bachmeier, 1997; 
Ruof et al., 1999). However, a systematic literature review on cost of OA is lacking. 
Hence, in order to provide valid and reliable information on cost of OA to inform 
health policy, there is a pressing need to summarize the results of the COI studies on 
OA to identify the discrepancies between these studies and further propose some 









Literature Search Strategy 
A systematic literature review was performed in MEDLINE (1966 to April 
2006). In order to identify as many potentially relevant articles as possible from the 
literature, two overlapping strategies were adopted in the literature search as 
recommended by Petitti (Petitti, 1994). The first strategy used “osteoarthritis” 
combined with “economic burden”, “direct costs”, “indirect costs”, “expenditures”, 
and “cost-of-illness” as text words. The second strategy used “osteoarthritis” 
combined with “costs” as title words in order to avoid identifying too many irrelevant 
articles which are CEA or CUA studies in OA.  
 
Selection of Articles for Systematic Review 
Abstracts of all articles identified from electronic search of MEDLINE were 
downloaded to Reference Manager Version 10 and checked for duplication. The titles 
and abstracts (when available) of all articles identified were scanned to eliminate 
articles that were obviously irrelevant. The full text of the remaining articles was then 
retrieved. These articles were then systematically reviewed independently by two 
researchers (FX and SCL) using the same predefined eligible criteria to identify 
articles for synthesis in the literature review, with any difference resolved by reaching 
a consensus among authors. The bibliographies of the articles selected for full text 
review were also reviewed to identify publications on the same topic that have not yet 
been identified. When new articles are identified by this procedure, there articles were 
retrieved and the process of reading them to ascertain whether they were eligible 




continues. Besides, the bibliographies of these review articles retrieved were also 
scanned to identify potential relevant articles.  
 
The inclusion criteria were (1) target subjects were those diagnosed with OA; 
(2) original research (excluding reviews, comments, or letters); (3) direct and/or 
indirect costs of OA per patient-year were reported. In order to identify as many COI 
studies from different countries as possible, non-English articles were also included.  
 
Literature Synthesis  
Direct and indirect costs per patient per annum were separately summarized 
across studies and countries. The sample size-weighted mean for a country was 
calculated when two or more studies from that country. Discount rate of 3% and 
appropriate exchange rates were used in conversion of the costs reported in different 
years and different currencies to 2005 US dollars (USD).  
 





Identification of Potentially Relevant Articles 
As shown in Figure 9.1, the electronic search of MEDLINE yielded a total of 
224 articles by using various strategies. After checking for duplication by Reference 
Manager, a total of 142 articles were identified for title and abstract scan. Of these, 
127 were obviously irrelevant and excluded from further review. The full texts of 
remaining 15 articles were reviewed. Of 15 articles, 1 duplicating the results already 
considered and 4 without reporting direct or indirect costs of OA were excluded. No 
relevant article was identified from the bibliographies of the articles selected for full 
text review. Consequently, a total of 10 articles fulfilling the eligible criteria were 
included in literature synthesis.  
 
Literature Synthesis 
Of 10 articles, 4 were from the USA, 2 each from Canada and France, and 1 
each from Italy and Hong Kong. Annual direct costs per patient with OA were 
reported by all 10 articles, while indirect costs were only reported by 5 (Table 9.1). 
Of 10 articles reporting direct costs of OA, 6 estimated the costs directly from large 
health care databases (Gabriel et al., 1995; Gabriel et al., 1997a; Lanes et al., 1997; 
Le Pen et al., 2005; Levy et al., 1993c; MacLean et al., 1998) and 2 each from face-
to-face interview (Leardini et al., 2004; Woo et al., 2003) and telephone interview 
(Gupta et al., 2005; Maetzel et al., 2004). Of 5 articles reporting indirect costs of OA, 
1 used postal survey and 2 each used face-to-face interview (Leardini et al., 2004; 
Woo et al., 2003) and telephone interview (Gupta et al., 2005; Maetzel et al., 2004). 







Figure 9.1. Article Selection Process* 
   Osteoarthritis   








 Expenditures Cost-of-Illness  Costs
           
          20    59     35          29           66   15 
          
                    142†    
       
                           15 articles for fulltext review   
       
                  10 articles fulfilling inclusion criteria   
 
* Numbers refer to references identified unless otherwise stated.  
† Numbers after checking for duplication using Reference Manager. 
  
Table 9.1. Study Characteristics and Costs of Osteoarthritis 
   Estimation of direct costs (2005USD) Estimation of indirect costs (2005USD) 
Study Country Year Source No. of Subjects Direct costs Source No. of Subjects Indirect costs 
         
(Gabriel et al., 1995) USA 1992 database 7,889 3,001 survey 116 1,210 
(Gabriel et al., 1997a) USA 1992 database 6,742 3,898 NA NA NA 
(Levy et al., 1993b) France 1993 database 3,000,000 369 NA NA NA 
(MacLean et al., 1998) USA 1993 survey 20,000 7,840 NA NA NA 
(Lanes et al., 1997) USA 1994 database 10,101 752 NA NA NA 
(Maetzel et al., 2004) Canada 2000 database 140 4,581 survey 140 2,040 
(Woo et al., 2003) Hong Kong 2001 survey 574 9,147 survey 574 865 
(Leardini et al., 2004) Italy 2001 survey 254 1,272 survey 254 1,683 
(Gupta et al., 2005) Canada 2002 survey 283 2,036 survey 662 11,498 
(Le Pen et al., 2005) France 2003 database 4,600,000 330 NA NA NA 
         
NA: The indirect costs per patient per annum were not available in the corresponding study. 
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The annual direct costs per patient (in descending order) were $9,147 in Hong 
Kong (Woo et al., 2003), $4,792 in USA (Gabriel et al., 1995; Gabriel et al., 1997b; 
Lanes et al., 1997; MacLean et al., 1998), $2,878 in Canada (Gupta et al., 2005; 
Maetzel et al., 2004), $1,271 in Italy (Leardini et al., 2004), and $345 in France (Le 
Pen et al., 2005; Levy et al., 1993a). In contrast, the indirect costs were only reported 
by 5 studies in 4 countries and the magnitude varied substantially across studies. The 
highest indirect costs were $9,847 per patient per annum in Canada (Gupta et al., 
2005; Maetzel et al., 2004) and the lowest were $864 in Hong Kong (Woo et al., 2003) 
(Figure 9.2).  
 
 





This systematic review identified 10 articles estimating the direct costs of OA 
per patient per annum, only 5 of which reported the indirect costs simultaneously. To 
the best of our knowledge, the present study may be the fist systematic literature 
review on the cost of OA studies in the past decade. Several findings need to be 
highlighted. Firstly, the cost of OA study was insufficiently performed in the past 
decades, especially in developing countries. Secondly, the magnitudes of both direct 
and indirect costs substantially varied across studies and countries. Instead of simply 
summarizing the results, the present study tended to shed more lights on exploring the 
possible factors contributing to the observed variations and proposing the potential 
ways to tackle the problems.  
 
The variations in estimated direct costs of OA across the studies were quite 
striking. The highest direct costs (i.e. $9,147 in Hong Kong) were approximately 25 
times higher than the lowest (i.e. $369 in France). Even within a country, the highest 
were 10 times as high as the lowest (e.g. in USA). These variations occurred in both 
database- and survey-based studies. Several explanations may contribute to the 
observed variations. First, the databases used in these studies were only regional-
based and may differ from each other in terms of the individual health care resources 
utilization covered, while the survey-based studies were limited to the recall bias, 
accuracy, and reliability of the cost information obtained directly from subjects. 
However, at the time being of the present study, it is impossible to conclude as which 
data source is more superior to the other one. Second and more important, only a few 




studies provided the detailed breakdown for specific health resources consumed by 
OA subjects in addition to the overall estimated direct costs (Lanes et al., 1997; 
Maetzel et al., 2004; Woo et al., 2003). Nevertheless, the individual health resource 
categories reported in these studies varied substantially, which limited the 
comparability across the studies.  
 
In order to reduce the variations, therefore, there is a pressing need to 
standardize the COI study in OA. Foremost, from whose point view the COI study is 
carried out needs to be clearly stated at the very beginning, which is very important in 
determining the coverage of specific health resources studied (Drummond et al., 1997; 
Luce et al., 1996). However, only 1 study did so in all 10 articles reviewed (Woo et 
al., 2003).  Second, standardized cost categories are important as highlighted by 
several studies (Merkesdal et al., 2001; Mittendorf et al., 2003; Oostenbrink et al., 
2002), which can help to not only increase the comparability across studies but also 
detect the specific discrepancies of health resource utilization across studies. Last but 
not least, the sample of subjects included in estimation of direct costs of OA needs to 
be representative in general OA management. For example, if a comparatively higher 
percent of subjects with total joint replacement surgery is included in estimation of 
direct costs of OA, it is not surprising that the direct costs are substantially higher for 
this particular group of subjects. 
 
Likely, the marked variations in estimated indirect costs of OA were also 
found across studies. However, lack of consensus in standardized methodology in 




estimating indirect costs may contribute to these differences, which are rather 
complicated than those found in estimation of the direct costs of OA. Human capital 
approach is a unanimously used in estimating indirect costs (Koopmanschap and 
Rutten, 1993) and a new friction cost approach has recently been recommended, 
although the debate remains (Koopmanschap et al., 1995). However, only 2 studies 
explicitly stated the human capital approach adopted in estimation of indirect costs 
(Leardini et al., 2004; Woo et al., 2003), which would not allow the direct 
comparison among studies and to further identify the potential sources responsible for 
the observed differences in indirect costs across studies and countries. It is highly 
suggested to explicitly state the particular methodology used in estimating indirect 
costs. Furthermore, substantial variation still occurred among the studies using the 
human capital approach in terms of whose productivity loss should be taken into 
account and how (Koopmanschap and Rutten, 1996; Liljas, 1998). It would be 
beyond the scope of the present study to propose the suggestion on which 
methodology should be used in indirect cost estimation, which however warrants 
further empirical evidences to justify the selection.  
 
We acknowledged several limitations for the present study. First, this 
literature review focused only on the published journal studies, which may not 
capture all relevant studies, especially in textbooks and dissertations. Second, the 
search strategies adopted in this study may not be comprehensive to retrieve all 
relevant articles. However, even from these identified articles on this topic, a large 
variation has been observed and should be noted.     




In brief, the observed substantial variations in costs of OA across studies and 
countries may not reflect the true differences among them. The comparability across 
these identified studies is quite limited, which highlight the importance of 
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Direct Costs of Osteoarthritis in Singapore: 
A Comparative Study among Multiethnic 
Asian Subjects with Osteoarthritis 
 





Osteoarthritis (OA) normally leads to significant utilization of health care 
resources. It therefore imposes a substantial economic burden on subjects, healthcare 
providers, governments, and the society as a whole. The cost of OA has been 
estimated to account for up to 1 to 2.5% of the gross national product (GNP) in 
several western developed countries (March and Bachmeier, 1997). The only 
published cost of OA study from Asia estimated that the cost of OA accounted for 
0.28% of GNP in Hong Kong (Woo et al., 2003). As health care resources are finite, 
it is of vital importance to understand the economic burden of the disease, which may 
be useful in increasing the awareness of the public and helping decision makers to 
allocate the health care resources in a more efficient way. Thus, with the aging of 
populations worldwide, cost of OA study has been receiving a growing attention in 
western countries (Centers for Disease Control and Prevention, 2003; Felts and Yelin, 
1989; Gabriel et al., 1997a; Lanes et al., 1997; Leardini et al., 2004; Liang et al., 1984; 
MacLean et al., 1998; Yelin et al., 2004). However, there are not sufficient studies 
performed in Asian countries, although the prevalence and incidence of OA are high 
(Haq et al., 2005; Minh Hoa et al., 2003; Satkunananthan, 2003; Yoshida et al., 2002; 
Zhang et al., 2001) and expected to increase in the region.      
 
The present study is to therefore estimate and compare the direct costs of OA 
in multiethnic Asian subjects with OA in Singapore. Evaluating cost of OA in 
Singapore, a westernized Asian country with a multiethnic population, comprising 3 
major ethnic groups in Asia, namely, Chinese (76% of total population in Singapore), 




Malay (14%), and Indian (8%) (Department of Statistics, 2005), would offer two 
advantages. Firstly, it would allow the comparison between Singapore and other 
developed western countries as Singapore has one of the most developed healthcare 
system based on the western model. The level and quality of medical care in 
Singapore is comparable to most developed western countries. At the same time, it 
would provide data which would be valuable as benchmark for other countries in the 
region. Secondly, it would provide information as to whether OA would extract a 
different financial burden on different races (because of cultural and other habits) and 
thus form the basis for the similar study carried out in other Asian countries with the 




This Institutional Review Board approved study was of a retrospective and 
cross-sectional design. Subjects were stratified according to ethnicity and presence or 
absence of total joint replacement surgery. Direct costs of OA were estimated 
separately and expressed as mean costs (with standard deviation in parenthesis) per 
patient per annum in 2003 Singapore dollars (For exchange rate, 1 US dollars=1.7 
Singapore dollars (SGD).  
 
Estimation of Direct Costs of OA 
Direct costs, defined as all resources consumed associated with the provision 
of an intervention or treatment for an illness (Luce et al., 1996), were estimated from 




both societal and patient perspective over a time horizon of one year of 2003. The 
direct costs were retrieved from the database maintained in Singapore General 
Hospital, one of the two tertiary referral hospitals in Singapore. The selection criteria 
were (1) subjects were diagnosed with at least one of the following ICD-9-CM codes: 
715.0x, 715.1x, 715.2x, 715.3x, 715.8x, 715.9x; (2) subjects were seen in the hospital 
during the study year; (3) the 12-month cost data starting from the first admission in 
the study year are available, and (4) subjects were classified into group with surgery 
given that they had the surgery in 2003 regardless of the exact surgery time of that 
year.  
 
Based on the literature (Mittendorf et al., 2003; Oostenbrink et al., 2002), the 
direct costs associated with OA were classified into 7 major categories, namely, 
professional costs,  treatment & procedure costs, equipment & material costs, 
inpatient costs, diagnosis costs, medication costs, and miscellaneous costs. If the costs 
incurred by a patient were not relevant with OA based on clinical experiences, these 
costs were excluded from classification in order to minimize the bias of comorbidity-
incurred expenditures on cost estimation. Two authors (FX and JT) independently 
completed the classification and any disagreements were resolved by reaching a 
consensus among all authors. The mean proportion of costs unrelated to OA was 36% 
of total costs for patients with comorbidities (there is no need for such classification 
for those patients without comorbidities). Of noted, charge was normally used as a 
proxy of cost in published cost of illness studies (Gabriel et al., 1997a; MacLean et al., 
1998) and also adopted in the present study based on several considerations. First, 




this is the only available data as cost is quite sensitive and confidential for any 
hospital. Second, as the study hospital is one of the major public-funded not-for-profit 
healthcare providers in Singapore. It is expected that the charge for services rendered 
would be reasonably close to the cost of providing the service.  
 
Statistical Analyses 
Data were entered into Microsoft Excel spreadsheet (Microsoft Corporation, 
Redmond, WA) and were analyzed using STATA Intercooled v.8 (STATA 
Corporation, College Station, 2003). When comparing demographic characteristics 
across ethnic groups, analysis of variance (ANOVA) was used for continuous 
variables and Pearson chi square test for categorical variables. As the cost distribution 
was skewed, Kruskal-Wallis H test was applied to test the differences in costs across 
ethnic groups without the adjustment of age and gender. Regression analysis with log 
transformed direct and indirect costs as dependent variables and age, gender, and 
ethnicity as independent variables were also performed to check the differences in the 
costs across ethnicities with the adjustment of age and gender. All statistical analyses 




Patient Characteristics  




A total of 1,179 subjects (83.6% Chinese, 7.2% Malay, 3.5% Indian, and 5.7% 
others) fulfilling the inclusion criteria was included in the estimation of the direct 
costs of OA.  The demographic characteristics of these subjects are shown in Table 
10.1. Chinese patients was significantly older than other ethnic patients (p<0.001). 
There were more female Chinese and Malay patients compared with Indian and other 
ethnic groups (p=0.005). The distribution of OA types is generally similar across 
ethnicities and knee is the most frequently affected joint across all ethnic groups. The 
percentages of subjects with total knee replacement (TKR) or total hip replacement 
(THR) were significantly higher for Chinese (46.2% and 8.2%, respectively) and 
lower for Indian subjects (3.4% and 4.9%, respectively).  
 
Direct Costs of OA 
Of 1,179 subjects, 574 (48.7%) did not undergo surgery, 513 had TKR 
(43.5%), and 92 THR (7.8%). The mean direct costs to the society and subjects were 
SGD3,245 and SGD1,459 for those without joint surgery, SGD11,429 and SGD5,561 
for those with TKR, and SGD15,763 and SGD7,555 for those with THR, respectively. 
The detailed cost information across different ethnic groups is displayed in Table 10.2. 
The main cost driver was treatment & procedure costs across all ethnic groups despite 
presence or absence of TKR or THR.  
 









Table 10.1. Characteristics of Subjects in Estimation of the Direct Costs of OA  













       
Age (years)      <0.001 
   Mean(SD) 69.0(11.5) 63.0(12.7) 63.2(11.9) 64.0(14.1) 68.1(12.0)  
   Median(IQR) 70.0(16.0) 64.0(17.0) 63.0(18.0) 68.0(25.0) 70.0(17.0)  
       
Female  756(76.7) 65(76.5) 28(68.3) 39(58.2) 888(75.3) 0.005 
       
OA types      0.519 
   Knee 843(85.5) 74(87.1) 35(85.4) 55(82.1) 1,007(85.4)  
   Hip 59(6.0) 6(7.1) 2(4.9) 2(3.0) 69(5.9)  
   Others 84(8.5) 5(5.9) 4(9.7) 10(14.9) 103(8.7)  
       
Surgery      <0.001 
   TKR 456(46.2) 22(25.9) 14(3.4) 21((31.3) 513(43.5)  
   THR 81(8.2) 5(5.9) 2(4.9) 4(6.0) 92(7.8)  
       
With 
comorbidity† 
808(81.9) 66(77.6) 28(68.3) 50(74.6) 952(80.8) 0.067 
       
OA: osteoarthritis; SD: standard deviation; IQR: interquartile range; TKR: total knee 
replacement; THR: total hip replacement.  
* Kruskal-Wallis H test for continuous variable (age) and Pearson chi square test for 
categorical variables. 
†Other types of OA include multiple sites (n=17), ankle and foot (n=15), hand (n=14), 
shoulder (n=14), unspecified sites (n=10), forearm (n= 4), and upper arm (n=3). 




Among the subjects without joint surgery, the magnitude of direct costs in 
each cost category was generally similar across ethnic groups. Chinese subjects 
incurred statistically higher diagnosis costs (p=0.014). Indian subjects incurred 
slightly higher professional costs, treatment & procedure costs, and equipment & 
material costs (all p>0.1). The total direct costs to the society were highest for 
Chinese subjects (SGD3,351) and lowest for other ethnic subjects (SGD2,597) 
(p=0.172). In contrast, the total direct costs to subjects were highest for Indian 
subjects (SGD1,689) and lowest for Malay subjects (SGD1,363) (p=0.894). After 
adjustment of age and gender, the differences in professional costs, inpatient costs, 
diagnostic costs, and total average cost to the society across ethnicities remained 
statistical significance (data not shown). 
 
Among those with TKR, Malay subjects incurred highest treatment & 
procedure costs (SGD7,064), while Indian subjects incurred highest inpatient costs 
(SGD1,584), but neither reached statistical significance. However, the total direct 
costs to Malay subjects with TKR (SGD7,211) were significantly higher than other 
ethnic groups (p=0.021). There are statistically significant differences in the treatment 
costs, total average cost to the society, and total average cost to patient across 
ethnicities after adjustment of age and gender. 
 
Among those with THR, Chinese subjects incurred higher professional costs 
and treatment & procedure costs (SGD3,052), while other ethnic subjects incurred 
highest inpatient costs (SGD5,887). The total direct costs to the society and subjects 




were highest for other ethnic subjects (SGD 17,878 and SGD11,430, respectively) 
and lowest for Indian subjects (SGD10,837 and SGD6,227, respectively). However, 
none of the ethnic differences was statistically significant. There are statistically 
significant differences in the professional costs, treatment costs, and total average 
cost to patient across ethnicities after adjustment of age and gender. 




Table 10.2. Direct Costs of OA*  
 Subjects without surgery  Subjects with TKR  Subjects with THR 






































































































































                   































                   































                   


































































                   
Total average cost 

































                   
Total average cost 

































OA: osteoarthritis; TKR: total knee replacement; THR: total hip replacement. *Costs are expressed as mean costs per patient per annum with standard 
deviation in parentheses. All costs are in 2003 Singapore dollars (SGD), 1 US dollars=1.7SGD. The costs were underlined and in bold if there was 
statistically significant ethnic difference for a cost category.
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This study estimated the direct costs of OA among different ethnic groups in 
Singapore. Two observations were evident from the results. The first observation was 
that the economic burden of OA to the society and the subjects could increase by 
more than three-folds in subjects with TKR or THR compared to those without 
surgery. The second observation was that the ethnic differences in health resource 
consumption became more apparent when the disease progressed as the differences 
between the ethnic group who incurred the highest total average cost to the society 
and the ethnic group who incurred the lowest these costs substantially increased 
among patients with TKR or THR compared with those without surgery. These 
findings have several important implications. First, it highlights the importance of 
public education to increase subjects’ awareness and knowledge on the nature of OA 
and efficiently prevent or slow down the progression of the disease. Once a joint 
replacement is inevitable, the economic burden to either the society or the subjects 
becomes much heavier. Second, the direct costs to the subjects in Singapore were 
substantially higher than those in Hong Kong (Woo et al., 2003). The Hong Kong 
government bore 68% of the total costs of those with mild OA. The percentage 
increased to 95% for those with joint surgery, while the subsidy is generally around 
50% despite presence or absence of joint surgery in Singapore. Obviously, a flexible 
or “stepped” subsidy policy according to the disease severity would offer real benefit 
to the subjects, especially who are financially disadvantaged. This may provide an 
incentive for them to seek treatment earlier. Third, as treatment costs (excluding 
medicine according to the definition in the present study) were the leading cost driver 




across all ethnic groups, it may suggest that the research priority may go to the 
advances in cost-effective treatments (e.g. surgery) in order to significantly reduce the 
health care expenditures of OA. 
 
In the present study the rate of joint surgery differs across ethnicities. More 
than half of Chinese subjects seen in the hospital over the study period have 
undergone TKR or THR, which is significantly higher than other ethnic groups. One 
possible explanation for the high rate may be that many Chinese subjects seek 
medical treatment only when the condition is very severe (normally a surgery is 
needed at that time) as they thought joint pain is a nature phenomenon in old age and 
seldom paid attention at the early stage of the condition. This may reflect a cultural 
impact in health seeking behavior among the Chinese. Furthermore, there also existed 
some ethnic variations in specific health resources consumed among those subjects 
who had TKR or THR. The ethnic variations in utilization of health resources for OA 
have also been reported in many other studies (Dominick et al., 2004; Dominick and 
Baker, 2004; Escalante et al., 2000; Hawker, 2004; Ibrahim et al., 2002; Jones et al., 
2005; Oishi et al., 1998; Olson and Foland, 2005; Skinner et al., 2003; Suarez-
Almazor et al., 2005). However, the implication of this difference in resource 
consumption among different ethnic groups is insufficiently evaluated in Asian 
contexts and would need further exploration. 
 
Regarding comparing with other countries, the direct costs of OA also varied 
substantially across different countries. Broadly speaking, the direct costs for those 




without surgery were comparable between Singapore and Hong Kong. However, the 
costs for those with surgery were significantly higher in Hong Kong (Woo et al., 
2003). Compared with several western countries, the direct costs in Singapore were 
lower than those in the France (Le Pen et al., 2005), USA (Gabriel et al., 1997a; 
MacLean et al., 1998), and Canada (Maetzel et al., 2004), but higher than those in 
Italy (Leardini et al., 2004).  
 
We acknowledged several limitations of the present study. First, it may be 
argued that the participating subjects from a tertiary referral hospital may not be fully 
representative of OA subjects in Singapore. However, due to the setup of the 
Singapore health care system, a significant proportion of OA subjects normally 
managed by primary healthcare physicians would also be managed at the outpatient 
clinic of tertiary hospital. Hence, our patient sample would be a reasonable 
representative of OA subjects from both primary and tertiary referral settings in 
Singapore. However, this may be atypical in other countries. Thus cautions need to be 
exercised when generalizing the results to other settings. Second, comorbidities are 
very common among subjects with OA who are normally older. Thus the existence of 
comorbidities does have the impact on the cost evaluation. However, it would be 
impractical to exclude the subjects with comorbidities as more than 50% of the 
subjects will be excluded. As the detailed information on comorbidities had been 
collected for these subjects, the impact of comorbidities on costs of OA will be 














Are They Measurable? A Study on Eliciting 
Indirect and Intangible Costs of Knee and 
Hip Osteoarthritis in Multiethnic Asian 
Patients 





Direct costs are one of the important components in cost of OA study.  
Relatively, it can be easily and accurately identified and estimated (MacLean et al., 
1998). Thus direct costs have been included in many cost of OA studies (Felts and 
Yelin, 1989; Gabriel et al., 1997a; Lanes et al., 1997; Liang et al., 1984; MacLean et 
al., 1998; Yelin et al., 2004).  
 
In contrast, indirect costs refer to productivity loss incurred by an illness 
(Liljas, 1998; Lubeck, 2003; Luce et al., 1996), and are also very important in cost of 
OA studies as they can be substantial. For example, several studies have shown that 
the estimated indirect costs were 3 times higher than the direct costs and accounted 
for up to 80% of total costs in subjects with OA (Gupta et al., 2005; Leardini et al., 
2004). Conversely, some other studies suggested that the indirect costs were lower 
than the direct costs in OA (Gabriel et al., 1997b; Maetzel et al., 2004; Woo et al., 
2003). As far as methodology is concerned, most recently published studies used 
human capital approach which broadly encompasses both paid and unpaid work (e.g. 
parenting or housekeeping) to estimate the indirect costs of OA by using wage rate 
for absence from paid work or equivalent market price for unpaid productivity (i.e. 
productivity loss of homemakers and retirees) (Gabriel et al., 1997b; Leardini et al., 
2004; Liang et al., 1984; Woo et al., 2003; Yelin et al., 2004).  
 
Intangible costs are defined as pain and sufferings of subjects due to a disease, 
which are usually measured by using the reduction in quality of life (Belotti et al., 




2003a; Belotti et al., 2003f; Fayers and Machin, 2000; Leardini et al., 2002). 
Alternatively, one method of estimating the monetary value of intangible costs is 
contingent valuation method (CVM), a stated preference method based upon the 
elicitation of levels of willingness to pay (WTP), which was first used in measuring 
intangible value of environmental improvements (Boardman et al., 1996) and has 
increasingly been used in health care economics (Barron et al., 2004; Byrne et al., 
2004; Cross et al., 2000; Ethgen et al., 2003; Fautrel et al., 2005; Slothuus et al., 2000; 
Slothuus and Brooks, 2000). However, It remains controversial to value intangible 
costs in monetary terms as there is no real market existing. To date only a few studies 
adopted this methodology in estimation of intangible costs in health (Fisman et al., 
2002; Ho et al., 2005; Turner et al., 2004).   
 
Therefore, the objectives of this study were to determine the acceptability and 
feasibility of estimating indirect costs through human capital approach and intangible 
costs through WTP, and identify factors potentially affecting these costs in 
multiethnic Asian subjects with knee or hip OA in Singapore.  
 





Subject Recruitment  
Subjects were recruited from the Departments of Rheumatology and 
Immunology and Orthopaedic Surgery at the Singapore General Hospital, a tertiary 
referral hospital in Singapore. Prior to the face-to-face interview, all subjects were 
diagnosed with knee or hip OA by their attending rheumatologist or orthopaedic 
surgeon based on American College of Rheumatology classification criteria (Altman 
et al., 1986). This was an Institutional Review Board approved study and written 
informed consent was obtained for each subject.  
 
Assessment of Demographic Characteristics 
Subjects were interviewed to obtain their demographic and socioeconomic 
information by using a structured data collection form. Subjects were also asked to 
rate their global wellbeing on a 0-100mm visual analogue scale (VAS) anchored with 
worst imaginable health state at the lowest end and best health state at the highest end. 
After interview, each subject was asked whether they have any difficulty in 
understanding and answering these questions.  
 
Estimation of the Indirect Costs of OA 
As most OA subjects recruited in this study were retired or homemakers, we 
estimated the indirect costs using human capital approach in this study as it can 
broadly cover productivity loss in both working and nonworking subjects. Working 
patients were asked to estimate the number of days of absence from work due to OA 




in the past year (full productivity is assumed when the working patients resume their 
work). Retirees/homemakers were asked to estimate how many percent of 
productivity has been lost due to OA with an assumption of 100% of productivity 
before they had been diagnosed with OA. As individual earnings were not available, 
the indirect costs for those who were working were calculated by multiplying the 
number of days of absence from work with average earning per day in Singapore 
between 1993 and 2003 (i.e. Singapore dollars (SGD)139) (Department of Statistics, 
2005), and for retirees/homemakers by multiplying productivity loss with current 
market price of housekeeping and leisure activities (i.e. SGD280 per month). 
Sensitivity analysis was performed to estimate the highest indirect costs by using the 
highest average earnings per capita per day in Singapore between 1993 and 2003 
(i.e.SGD144) (Department of Statistics, 2005) and the highest market price of 
housekeeping and leisure activities (i.e.SGD400), while the lowest indirect costs were 
calculated by using the lowest market price of housekeeping and leisure activities for 
both working and nonworking subjects (i.e. SGD280 per month). 
 
Estimation of the Intangible Costs of OA 
In order to circumvent the difficulty to recruit large number of OA subjects in 
Singapore, we chose closed-ended iterative bidding CVM to elicit intangible costs as 
it can obtain specific amount of WTP and therefore needs a relatively small sample 
size (Boardman et al., 1996). In the process, subjects were provided with an initial bid 
and were asked whether they would like to pay this specified amount as one-time 
payment for a hypothetical cure of OA (i.e. getting rid of all pain and sufferings from 




the disease) with 100% effectiveness and without any side effects. If subjects 
answered positively, then the amount was doubled. The procedure continued until 
subjects expressed an unwillingness to pay the amount specified. Then the subjects 
were further asked to specify the maximum amount they would like to pay between 
adjacent amounts to which they said ‘yes’ and ‘no’ in prior questions. If subjects 
answered negatively to initial bid specified, then the amount was halved until they 
expressed a WTP. Similarly, these subjects were also further asked to indicate the 
maximum amount they would like to pay between adjacent amounts to which they 
said ‘no’ and ‘yes’ in prior questions. In order to minimize the starting bid bias, 
subjects were assigned at random to one of 3 different starting bids (i.e. SGD750, 
SGD1,500, and SGD3,000). As no empirical data were available, the choice of these 
3 values was based on the annual report on earnings to represent low, middle, and 
high average monthly earnings in Singapore (Research and Statistics Department, 
2003). All costs were converted to 2005 Singapore dollars (for exchange rate, 1 US 
dollars =1.7 Singapore dollars) by applying 3% discount rate (Boardman et al., 1996). 
The costs reported in other studies were converted to 2005 US dollars (USD) by 
applying the 3% discount rate and appropriate exchange rate. Of noted, intangible 
costs were elicited using WTP which are normally affected by income (i.e. ability to 
pay), we hypothesized intangible costs will increase with higher income and be 
higher for Chinese subjects who generally earn more than Malays and Indians in 
Singapore (Department of Statistics, 2005). Additionally, higher indirect and 
intangible costs are assumed to be associated with higher productivity loss and worse 
global wellbeing of subjects.   





Kolmogorov-Smirnov test demonstrated that the distributions of indirect and 
intangible costs were skewed. A series of non-parametric univariate analyses were 
therefore used. Mann-Whitney U tests were performed to identify the effects of the 
dichotomous variables on indirect and intangible costs, while Kruskal-Wallis H tests 
for polytomous variables. Separate multivariate linear regression (MLR) model was 
used to identify the effect of a pool of variables including age, ethnicity, gender, 
working status, monthly household income, education, comorbidities, household size, 
productivity loss, and VAS score for global wellbeing, on the magnitude of indirect 
and intangible costs. All data were analyzed using STATA Intercooled v.8 (STATA 
Corporation, College Station, 2003) with significance level of 0.05 and all tests were 
two-tailed. 






Of 110 eligible subjects approached, 105 (response rate of 95.5%) agreed to 
participate in this study conducted from May to August 2005, while 5 refused to 
participate in the study because they thought the questions were quite sensitive for 
them. All subjects participated in this study indicated they do not have any problem in 
understanding these questions. Ninety-five subjects (90.5%) answered these questions 
without difficulty compared to 10 with slight difficulty. Of note, when answering 
WTP questions, 3 subjects (3.9%) would like to pay zero for the reason that they do 
not have income to spend or their OA is very mild. Thus, we considered the WTP 
from these 3 subjects as true zero rather than protest zero, and included them in the 
data analysis (Bayoumi, 2004; Protiere et al., 2004).  
 
As shown in Table 11.1, the majority of subjects were female (76.2%), 
married (74.3%), ethnic Chinese (71.4%), retired or homemakers (80.0%), or with 
comorbidities (66.7%). Near half of the subjects had been diagnosed with OA for 
more than 5 years (46.7%), or with the monthly household income between 
SGD1,000 to SGD2,999 (45.7%). Knee OA was more frequently seen in Chinese 
than Malay and Indian patients (92.0% vs. 86.7%). The percentage of the patients 
with TKR was highest for Malay patients (33.3%) and lowest for Indian patients 
(13.3%). The mean and median productivity loss was 41% and 40.0%, respectively, 
while both the mean and median of the VAS score for global wellbeing were 70.0. 




Table 11.1. Characteristics of Subjects  











      
Age (years)     0.007 
   Mean (SD) 64.2(8.5) 63.2(10.8) 60.7(8.3) 63.6(8.8)  
   Median (IQR) 64.0(14.0) 67.0(19.0) 58.0(9.0) 64.0(14.0)  
      
Female  57(76.0) 12(80.0) 11(73.3) 80(76.2) 0.910 
      
Married 57(76.0) 9(60.0) 12(80.0) 78(74.3) 0.373 
      
OA types     0.626 
   Knee 69(92.0) 13(86.7) 13(86.7) 95(90.5)  
   Hip 6(8.0) 2(13.3) 2(13.3) 10(9.5)  
      
Surgery     0.519 
   TKR 14(18.7) 5(33.3) 2(13.3) 21(20.0)  
   THR 2(2.7) 1(6.7) 1(6.7) 4(3.8)  
      
With comorbidities 49(65.3) 8(53.3) 13(86.7) 70(66.7) 0.138 
      
Retirees/homemakers 61(81.3) 12(80.0) 11(73.3) 84(80.0) 0.779 
      
Monthly household 
income (SGD) 
    0.967 
   < 1,000 20(26.7) 4(26.7) 5(33.3) 29(27.6)  
   1,000-2,999 33(44.0) 8(53.3) 7(46.7) 48(45.7)  
   3,000-4,999 12(16.0) 2(13.3) 2(13.3) 16(15.2)  
   >5,000 10(13.3) 1(6.6) 1(6.6) 12(11.4)  
      
Productivity loss      0.127 
   Mean (SD) 40(17.5) 51(21.9) 40(22.4) 41(19.0)  
   Median (IQR) 40(25.0) 50(40.0) 50(30.0) 40(25.0)  
      
VAS score      0.061 
   Mean (SD) 72(13.8) 63(13.5) 66(15.2) 70(14.2)  
   Median (IQR) 75(20.0) 65(20.0) 70(20.0) 70(20.0)  
          
OA: osteoarthritis; SD: standard deviation; IQR: interquartile range; TKR: total knee 
replacement; THR: total hip replacement; SGD: Singapore dollars, 1 US dollars=1.7 SGD.  
*ANOVA was used for continuous variables and Pearson chi square test for categorical 
variables.  





As the distribution of indirect and intangible costs was skewed, we used 
median throughout the report. Indirect costs for each subgroup are listed in Table 11.2 
and summarized below. Indirect costs per patient per annum for the whole sample of 
subjects in this study were SGD1,680 per patient per annum, which accounted for 
2.8% of average annual household income (Department of Statistics, 2005). The 
indirect costs were generally similar across different ethnic groups for the subjects 
without joint surgery. In contrast, the indirect costs for Malay or Indian subjects were 
substantially higher than those for Chinese subjects, though not reaching statistical 
significance (Table 11.2).  
  
Intangible Costs 
Intangible costs were SGD2,000 per patient for the whole sample of subjects 
in this study as shown in Table 11.2, which accounted for 3.3% of average annual 
household income (Department of Statistics, 2005). Despite the presence and absence 
of joint surgery, the intangible costs were consistently higher for Chinese than Malay 
or Indian subjects (Table 11.2). Again, due to the small number of subjects recruited, 
it may lack the statistical power to detect the true ethnic difference in reported 
intangible costs. 
  
      Table 11.2. Indirect and Intangible Costs of OA 
 Subjects without surgery Subjects with TKR/THR 


































           

















           
Indirect costs, SGD‡          


































Intangible costs, SGD‡          


































          
OA: osteoarthritis; TKR: total knee replacement; THR: total hip replacement; SD: standard deviation; SGD: Singapore dollars. 
IQR: interquartile range.  
* Mean days of absence from work were estimated as per working subjects. Among those without surgery, 6 Chinese, 1 Malay, 
and 2 Indians were working. Among those with TKR/THR, 8 Chinese, 2 Malays, and 2 Indians were working. 
† Mean productivity loss was estimated as per nonworking subjects. Among those without surgery, 53 Chinese, 8 Malays, and 10 
Indians were retiree/homemakers. Among those with TKR/THR, 8 Chinese, 4 Malays, and 1 Indian were nonworking.  
‡ Indirect and intangible costs are expressed as per patient per annum in 2003 Singapore dollars, USD1.00= SGD1.70.  
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Factors Influencing Indirect Costs  
Univariate analyses are shown in Table 11.3. The indirect costs borne by the 
working subjects were significantly higher than by the homemakers or retirees 
(SGD2,086 vs. SGD1,680, p=0.014). Of noted, no difference in indirect costs was 
observed among other variables in univariate analyses (Table 11.3). Sensitivity 
analyses demonstrated that indirect costs ranged from SGD1,344 to SGD2,160  thus 
accounting for 2.3% to 3.6% of average annual household income, respectively. 
 
As shown in Table 11.4, the MLR model with the indirect costs as outcome 
variable demonstrated that gender and working status were the only two factors 
significantly affecting indirect costs (coefficient=1685.0 and 2893.4, 95% confidence 
interval (95% CI) = 406.2-2963.8 and 1499.6-4287.2, p=0.010 and 0.000, 
respectively). Notably, indirect costs were substantially higher, although not attaining 
statistical significance, for Malays compared with Chinese subjects 
(coefficient=1483.1, 95%CI= -93.3-3059.4, p=0.065).  
 
Factors Influencing Intangible Costs 
As shown in Table 11.3, the intangible costs for the subjects with a monthly 
household income above SGD3,000 were SGD3,000, compared with SGD1,500 for 
those with the income below SGD1,000 and SGD1,700 for those with the income 
between SGD1,000 to SGD2,999 (p=0.008). It should be noted that there was a 
marginal statistically significant differences in intangible costs among 3 ethnic groups. 
 




 In the MLR model with the intangible costs as outcome variable, income as 
expected attained statistical significance, which supports the validity of the WTP 
methodology (Boardman et al., 1996). In addition, both Malay and Indian subjects 
incurred less intangible costs compared with Chinese subjects (coefficient=-1557.2 
and -1277.4, 95%CI=-2522.0- -592.4 and -2247.5- -307.2, p=0.002 and 0.010, 
respectively). Working subjects bore higher intangible costs than subjects who were 
retired or homemakers (coefficient=1100.5, 95%CI=247.5-1953.6, p=0.012). Higher 
VAS score for global wellbeing was associated with less intangible costs 
(coefficient=-25.5, 95%CI=-50.1- -0.9, p=0.042).  




Table 11.3. Univariate Analyses for Indirect and Intangible Costs* 
  Indirect costs† Intangible costs† 
Variables N Median(IQR) p Median(IQR) p 
Age   0.357  0.122 
    ≤60 years 43 1680(1378.5)  1500(2300.0)  
    >60 years 62 1680(672.0)  2950(2500.0)  
Gender   0.216  0.109 
    Female 80 1680(689.3)  2700.0(2500.0)  
    Male 25 1680(1008.0)  1500.0(2500.0)  
Marital   0.994  0.805
    Married 78 1680(1106.9)  2000(2500.0)  
    Others 27 1680(504.0)  1800(3000.0)  
Ethnicity   0.500  0.059 
    Chinese 75 1669(840.0)  2900(3000.0)  
    Malay 15 1680(1344.0)  1400(2500.0)  
    Indian 15 1680(938.9)  1500(2000.0)  
Education   0.343  0.207 
    No formal education  30 1680(1008.0)  3000(2000.0)  
    1-6 years 33 1680(1344.0)  1400(2250.0)  
    7-9 years 32 1367(842.8)  1850(2650.0)  
    ≥10 years 10 1176(1123.7)  2750(2000.0)  
Working status   0.014  0.355
    Working 21 2086(3198.5)  2000(2000.0)  
    Retired/homemaker 84 1680(672.0)  2000(2100.0)  
Years with OA   0.871  0.081 
    ≤1  9 1344(840.0)  2000(3500.0)  
    2-3  22 1451(1078.0)  1300(1500.0)  
    4-5  25 1680(840.0)  3000(2600.0)  
    >5  49 1680(672.0)  2500(2000.0)  
With comorbidities   0.472  0.546 
    Yes 70 1680(672.0)  1900(2100.0)  
    No 35 1669(1251.6)  2900(2500.0)  
Monthly household income, SGD   0.236  0.008 
    < 1,000 29 1680(706.5)  1500(2500.0)  
    1,000-2,999 48 1680(1211.0)  1700(2000.0)  
    3,000-4,999 16 1260(1141.5)  3000(3300.0)  
    >5,000 12 1344(1008.0)  3000(3250.0)  
Starting bid for WTP, SGD   0.118  0.629
    750 31 1344(1008.0)  1500(2000.0)  
    1,500 35 1680(1344.0)  2000(2200.0)  
    3,000 39 1680(672.0)  2900(3000.0)  
Total  105 1680(672.0)  2000(2500.0)  
IQR=interquartile range; OA=osteoarthritis; WTP=Willingness-to-pay. 
* All money were quoted in 2005 Singapore dollars, USD1.00 = SGD1.70, and indirect costs were 
estimated on a one-year basis of 2005. † Mann-Whitney U test and Kruskal-Wallis H test were used for 
dichotomous and polytomous variables, respectively. 








Table 11.4. Multivariate Linear Regression Analyses for Indirect and Intangible 
Costs 
Indirect costs Intangible costs 




     
Age (per year) 6.92 (-56.37, 70.21) 0.829 
10.63 
(-28.11, 49.36) 0.587 
Malay* 1483.05 (-93.30, 3059.39) 0.065 
-1557.17 
(-2521.95, -592.40) 0.002 
India* 680.88 (-904.26, 2262.02) 0.396 
-1277.36 
(-2247.50, -307.20) 0.010 
Male 1685.00 (406.18, 2963.82) 0.010 
-407.91 
(-1190.59, 374.76) 0.303 
Working patients† 2893.38 (1499.58, 4287.18) 0.000 
1100.51 
(247.46, 1953.56) 0.012 
Income (per dollar) 0.07 (-0.19, 0.34) 0.591 
0.28 
(0.12, 0.44) 0.001 
Education (per year) -79.78 (-178.37, 18.81) 0.111 
55.69 
(-4.65, 116.03) 0.070 
With comorbidities‡ 241.64 (-874.76, 1358.03) 0.668 
-383.05 
(-1066.32, 300.22) 0.268 
Household size (per 
person) 
-285.49 
(-650.75, 79.78) 0.124 
-88.23 
(-311.78, 135.32) 0.435 
Productivity loss (per 
percentage) 
28.90 
(-1.75, 59.56) 0.064 
13.00 
(-5.76, 31.76) 0.172 
VAS score for global 
wellbeing (per unit, 
range, 0-100) 
22.66 
(-17.54, 62.87) 0.266 
-25.51 
(-50.12, -0.90) 0.042 
     
95%CI=95% confidence interval; VAS=visual analogue scale. 
* The reference group is Chinese. † The reference group is retirees and homemakers. 
‡ The reference group is without comorbidity. 





This study estimated indirect costs and intangible costs by using human 
capital approach and WTP technique, respectively, in subjects with knee or hip OA in 
Singapore. It demonstrates that these two methodologies are acceptable and feasible 
in this socio-cultural context. Moreover, the quantification of these two cost 
components has important implications in healthcare delivery and planning. First, it 
can specifically contribute to better and comprehensive understanding of economic 
burden of OA. This study confirmed that the economic burden incurred by OA would 
be substantial regardless of direct costs. Ignoring these two important cost 
components would therefore significantly underestimate the true burden of this 
chronic condition. Second, indirect and intangible costs of OA estimated in this study 
could be compared with the costs of other chronic conditions such as rheumatoid 
arthritis and hypertension (Maetzel et al., 2004). This kind of comparison would 
provide useful information for governmental decision makers in allocation of finite 
health resources. It is worth noting that, to the best of our knowledge, this is one of 
the first studies to quantify intangible costs in monetary terms. As intangible costs 
were elicited using WTP which can inversely be considered as a benefit from an 
effective health care program for OA, it also helps such as pharmaceutical companies 
or health maintenance organizations (HMOs) to make a decision on developing a new 
treatment or health program for OA.  
 
In this study, indirect costs of OA per patient per annum estimated in this 
study are comparable with those in other countries. The indirect costs estimated 




accounted for 2.3% (USD1,175) of average annual household income in the USA 
(Gabriel et al., 1997b; US Census Bureau, 2005), 3.0% (USD2,040) in Canada 
(Canada Statistics, 2005; Maetzel et al., 2004), 4.0% (USD904) in Hong Kong (Woo 
et al., 2003), 4.7% (USD1,981) in Italy (Grant and Peltonen, 2004; Leardini et al., 
2004). Although certain variation in absolute magnitudes of indirect costs was 
observed across countries, relative magnitudes of indirect costs in terms of percentage 
of average annual household income were within the range of 2% to 5% across these 
countries. As the comparison is based on different studies applying the same 
methodology (i.e. human capital approach) among different populations across 
several continents (i.e. Europe, North America, and Asia), this finding implies that it 
might be viable to use this percentage range to quickly and approximately estimate 
indirect costs of OA in other countries around the world.  
 
However, it should be noted that another study also done in Canada (Gupta et 
al., 2005) estimated the indirect costs of OA accounted for 17.9% (USD11,497) of 
average annual household income. The main reason for the variation is that Gupta et 
al. used average monthly wage rate of USD1,278 for professional homemakers which 
is significantly higher than the wage rates used in other studies. The indirect costs 
will be increased to account for 18.6% of average annual household income if we use 
this wage rate in the estimation in our study.  
 
In contrast, intangible costs were generally measured using reduction in 
quality of life (Belotti et al., 2003e; Leardini et al., 2004). As few studies using WTP 




to quantify intangible costs, it is difficult to make a systematic comparison. In the 
very few published studies which quantified these costs in monetary terms, CVM was 
also used to elicit WTP as a proxy for intangible costs. The intangible costs accounted 
for 3.0% (USD1,387) of average annual household income for sharp-related injuries 
in the USA (Fisman et al., 2002), and 0.42% (USD193 per year) for urinary storage 
symptoms in the UK (Turner et al., 2004).  Additionally, several observations in 
estimating intangible costs are worth noting. First, the starting bid bias is known as 
one of the major limitations when applying closed-ended iterative bidding CVM in 
eliciting WTP (Bayoumi, 2004). However, the influence is not statistically significant 
in this study, although there is a slightly increased intangible costs (i.e. WTP) 
associated with larger starting bid (see Table 11.3). Second, intangible costs for the 
subjects with better health status (i.e. higher VAS scores for global wellbeing) were 
less than the costs for those with worse health status. We expected that both the 
productivity loss due to OA and global wellbeing should be associated with intangible 
costs. However, a significant relationship between productivity loss and intangible 
costs was not observed in this study. As most of the subjects (70 of 105) were 
diagnosed with comorbidities, it might be very difficulty for them to distinguish the 
pain and sufferings from OA and other diseases. Therefore, intangible costs might be 
overestimated in this study as the costs could not be exclusively attributable to OA. 
This issue might be addressed by comparing the intangible costs incurred by knee OA 
subjects with control patient group without the disease (Gabriel et al., 1997b). Of note, 
the substantial ethnic differences in intangible costs persisted with adjustment for 
other demographic variables. This observation might be explained by the tradition 




that Chinese subjects thought arthritis is a nature process for the elderly, which make 
them reluctant to seek treatment at the early stage of the disease (personal 
communications with subjects). Thus, most Chinese subjects seen in the hospital were 
quite severe and consequently bore higher intangible costs.  
 
One of the major limitations of this study is that the productivity loss incurred 
by family members or caregivers was not assessed as most of the subjects in this 
study reported they did not recall such information at all. Thus, the magnitude of 
indirect costs estimated in this study could be considered as at a lower end of the 
spectrum. A suggestion for further refinement would be to include the indirect costs 
borne by the caregivers in future study (Liljas, 1998). Second, the impact of 
comorbidities on cost estimation was not assessed in this study, which will limit the 
comprehensive evaluation of the economic burden of OA on subjects with 
comorbidities compared to those without any comorbidity. Finally, due to limitation 
in number of subjects with other types of OA rather than knee or hip, we cannot 
recruit these subjects in this study. However, it is worth noting that estimating 
indirect and intangible costs for other types of OA is necessary, which can contribute 
to comprehensive evaluation of the economic burden of OA.  
  
This study demonstrated that eliciting indirect costs through the human capital 
approach and intangible costs through the WTP are acceptable and feasible in Asian 
subjects with knee or hip OA. Our study also estimated that indirect and intangible 
costs for the subjects could be substantial. A congruence in the magnitude of indirect 




costs relative to average annual household income was observed across countries, 
which implies that it may be possible to provide a “standard reference range” of 
















A Recapitulation of Major Findings, 
Contributions, Limitations, and Future 
Studies 
  





Although OA of the knee and hip affect the same anatomical parts in patients 
regardless of countries or culture, it is not well documented whether there are any 
differences in patients’ perception regarding the impact of the disease on the various 
domain of their health status. Hence, foremost, a systematic literature review was 
performed in this thesis to summarize what is known about health-related quality of 
life (HRQoL) domains and items of importance from the perspective of patient with 
osteoarthritis (OA) around the world. From this qualitative systematic review, we 
identified a pool of HRQoL domains and items which have been reported as 
important by patients with knee or hip OA in various socio-cultural contexts. More 
importantly, certain variations in perceived importance of these HRQoL domains and 
items were observed across different socio-cultural contexts, which highlighted the 
importance and necessity of taking into account socio-cultural context in measuring 
HRQoL of patients with OA in Singapore. 
 
Hence, a qualitative focus group study was carried out in order to determine 
what HRQoL domains and items were important for Singaporean patients with 
osteoarthritis (OA) and what would be the similarities and differences in the 
important HRQoL domains and items between Singapore and other countries. Some 
domains and items (e.g. physical function) are important across all ethnic groups in 
Singapore, while some domains and items (e.g. mental health) are important only for 
certain ethnic groups. Besides achieving the stated purposes, we also found most of 
these identified domains and items of importance for Singapore OA patients could 




also be successfully linked with the International Classification of Functioning, 
Disability and Health (ICF), which demonstrated the possibility to compare the 
HRQoL measurement using these important domains and items in Singapore with the 
rest of the world in the future. This is an encouraging sign showing that some type of 
internationally acceptable standards may be possible. 
 
Based on the findings from the qualitative literature review and focus group 
studies, we chose from a large number of existing OA-specific HRQoL instruments 
the 3 most appropriate profile-based instruments, namely, the knee injury and 
osteoarthritis outcome score (KOOS, which incorporates the WOMAC), Lequesne 
Algofuctional Index of the knee (LAI), and the Oxford knee score (OKS), for further 
validation in Singapore. In the subsequent quantitative validation study, all 3 
instruments performed similarly in terms of reliability and construct validity among 
patients scheduled for total knee replacement (TKR). The KOOS comprises 45 items 
which covers a wide range of HRQoL domains and items for OA patients. Thus it can 
be used in various settings (e.g. patients with early and/or advanced stage of OA). 
The LAI comprises only 10 items, and is thus superior to the KOOS and OKS in 
terms of the burden on respondents. The LAI can also be used in OA patients with 
different disease severity.  In constrast, the OKS has demonstrated better internal 
consistency than the other two instruments, but it can only be used in OA patients 
scheduled for TKR, which may limit its application to patients with less severe 
disease who do not require TKR.  
 




After addressing the issue of using OA disease-specific HRQoL instruments 
in Singapore, the logical next step would be to assess a generic instrument. In order to 
pave the way to the future pharmacoeconomic evaluations including cost-
effectiveness analysis (CEA) and cost-utility analysis (CUA), we also compared the 
performance of 2 widely used preference-based HRQoL instruments, namely, the 
EQ-5D and SF-6D in OA patients. Using the scoring algorithms developed from the 
UK general population for both instruments, agreement in measuring utility in OA 
patients between the EQ-5D and SF-6D was poor. The EQ-5D appears to perform 
better than the SF-6D because it has better psychometric properties in this situation. 
Therefore, at this juncture, it may be considered to be a more suitable generic HRQoL 
instrument to be used among QA patients in Singapore. Nonetheless, there is room 
for improvement of the EQ-5D in Singaporean patients with OA.   
 
OA leads not only to reductions in HRQoL but also to increase in health 
expenditure, which is another important focus of this thesis. After discussing several 
issues about measuring outcomes, the thesis moved on to the issue of measuring the 
cost. Cost of illness (COI) studies, an important component of pharmacoeconomic 
evaluations in health, would provide useful information in evaluating the economic 
burden of an illness on patients and the society as a whole. However, a systematic 
literature review revealed that COI studies in OA have not been sufficiently well 
performed in the past decades and substantial variations were observed in estimating 
cost of OA across studies and countries, which raised the great concern over the 
quality and reliability of individual COI studies in OA. The review showed that a 




consensus on the standardized methodology in cost of OA study is urgently needed to 
allow any meaning comparison of results from studies carried out even in the same 
countries. 
 
In the study carried out in this thesis, the results showed that the direct and 
indirect costs of OA to both patients and the society as a whole could increase by 
more than three-fold in patients with TKR or THR compared to those without surgery 
in Singapore. Futhermore, there appeared to be an ethnic difference in resource 
consumption and utilization. The ethnic differences in health resource consumption 
became more apparent when the disease progressed. In addition, the intangible costs 
to the patients with OA were also significant and varied across different ethnic groups 




This thesis has four main contributions to the HRQoL and pharmacoeconomic 
evaluation of OA in multiethnic Asian patients with OA. 
 
First, it has consolidated the knowledge of HRQoL assessment in knee or hip 
OA by comprehensively summarizing the important HRQoL domains and items from 
the perspective of patients in different socio-cultural contexts and identifying both the 
similarities and differences in important HRQoL domains and items between Western 
and Eastern socio-cultural contexts.  




Second, through both qualitative and quantitative approaches, it has identified 
and validated several specific profile-based HRQoL instruments (the KOOS, LAI, 
and OKS) which may be the most appropriate instruments for using among 
multiethnic Asian knee OA patients in Singapore. This provides a firm basis for the 
use of these HRQoL measures in clinical practice and in clinical trials involving knee 
OA patients within these ethnic groups.  
 
Third, it has provided robust and detailed information regarding healthcare 
resources consumed by OA patients within the different ethnic groups in Singapore. 
Two important suggestions have been proposed to the local healthcare decision 
makers in order to substantially reduce the economic burden on the government and 
patients: increasing the awareness of public on nature of OA by providing more 
relevant education programs and adopting a more flexible or “stepped” subsidy policy 
for OA patients according to disease severity.    
 
Fourth, it demonstrates the feasibility, acceptability, and validity of estimating 
indirect costs using the human capital approach and intangible costs using willingness 
to pay in Singapore, which are commonly used in Western socio-cultural contexts. It 
provides theoretical basis for comprehensively evaluating the cost of OA by including 
not only direct costs but also indirect and intangible costs. It is possibly the first study 
to successfully quantify the intangible costs in monetary terms in the world.    
 





The limitations have been discussed in details in the individual chapters. 
Therefore, they would not be reiterated. Here only the two main limitations which 
could be applied throughout this thesis are emphasized.  
 
The knee and hip are two joints most frequently affected by OA around the 
world, and were thus the focus of this thesis. Unexpectedly, hip OA was seldom seen 
in the Singapore General Hospital, the major study site for the projects carried out in 
this thesis, which made it unfeasible to study HRQoL and economic evaluations for 
hip OA in some chapters of this thesis.  
 
The population of Singapore consists of three major ethnic groups (i.e. 
Chinese, Malays, and Indians). Based on the populations in China, Indonesia, India 
and Malaysia, these ethnic groups represent 38% of the world total population. Thus, 
ethnic variations in the HRQoL and healthcare resources utilization among these 
ethnic groups are worth studying. However, fewer Malay and Indian patients than 
Chinese patients with OA recruited in the studies in this thesis were significantly 
fewer than Chinese patients. Hence, the conclusions drawn for Malay or Indian 
patients may not be as robust as those for Chinese patients. Therefore, cautions need 
to be exercised when generalizing the findings to these two ethnic groups.   
   





Based on the results obtained from above studies, this thesis raises some new 
research questions that need to be addressed in the future.  
 
Responsiveness is one of the important psychometric properties of HRQoL 
instruments. In order to critically and comprehensively assess the performance of 
these instruments, a longitudinal-designed study is necessary to address this issue.  
 
The possibility of using the OKS for measuring outcomes of TKR, and 
possibly as a screening test for TKR, in Asian patients could be determined by a 
longitudinal study. This would allow a complete assessment of the responsiveness of 
this instrument as a predictor of TKR outcomes. 
 
The cost of OA from a macro level could be estimated given that the 
prevalence and incidence of OA are available for the three major ethnic groups.  
 
The CEA or CUA study in health programmes for OA could be carried out by 
using the validated profile-based (i.e. the KOOS, LAI, or OKS) and preference-based 
HRQoL instruments (i.e. the EQ-5D) and incorporating the cost of OA estimated in 
this thesis to serve as a baseline cost information for alternative health programmes. 
 
The information would provide more valuable information in health care 
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Domains and Items in Knee and Hip
Osteoarthritis Vary in Importance
Across Social-Cultural Contexts?
A Qualitative Systematic Literature Review
Feng Xie, MSc,* Shu-Chuen Li, PhD,† and Julian Thumboo, FRCP (Edin)‡
OBJECTIVES To identify and summarize the existing literature on domains/items of health-
related quality of life (HRQoL) that are important for patients with knee or hip osteoarthritis
(OA) in various sociocultural contexts and critically evaluate existing OA-specific HRQoL
instruments based on the important domains/items identified.
METHODS A qualitative systematic literature review was performed using (1) an electronic
search of Medline, PsycINFO, ISI Web of Knowledge, and the Cochrane Library (using 29
relevant keywords), and (2) a manual search of relevant journals, textbooks, and bibliog-
raphies. Titles and abstracts were reviewed using predefined criteria to select potential
articles for full text review.
RESULTS From 20,768 reviewed references, 77 articles were selected for full text review, of
which 15 articles fulfilled inclusion criteria. Studies were conducted in English (4 each in
the United States and Canada, 2 in the United Kingdom, and 1 in Ireland), French (n  2),
and Swedish (n  2). Important HRQoL domains in 1 or more countries included pain,
physical disability, sports/recreational activities, other symptoms of OA, mental health,
social health, and knee/hip-related quality of life. Items within each domain varied from
country to country except some physical disability items. The paucity of available informa-
tion did not allow adequate assessment of OA-specific instruments’ coverage of important
domains/items in various sociocultural contexts.
CONCLUSIONS A surprisingly sparse literature reports the important HRQoL domains/items
from the perspective of patients with knee or hip OA. Additional studies are needed to
determine the important domains/items for these patients and to confirm that OA-specific
measures are truly accurate and comprehensive when applied in various sociocultural
contexts.
Semin Arthritis Rheum 34:793-804 © 2005 Elsevier Inc. All rights reserved.
KEYWORDS osteoarthritis, knee, hip, quality of life, cross-cultural comparison, outcome mea-
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Osteoarthritis (OA) is the commonest form of arthritis in theworld and affects the knees, hips, hands, or spine. Knee
and hip OA in particular are chronic conditions associated with
Departments of Pharmacy and Medicine, National University of Singapore, and
the Department of Rheumatology and Immunology, Singapore General
Hospital, Singapore.
*Research Scholar, Department of Pharmacy, National University of Singapore.
†Assistant Professor, Department of Pharmacy, National University of Sin-
gapore.
‡Senior Consultant Rheumatologist, Department of Rheumatology and Im-
munology, Singapore General Hospital, and Associate Professor, Depart-
ment of Medicine, National University of Singapore.
There has been no funding or any other support received in support of this
study, and none of the authors have any financial interest relating to the
manuscript that might constitute a potential conflict of interest.
Address reprint requests to Dr. Julian Thumboo, Department of Rheumatol-
ogy and Immunology, Singapore General Hospital, Outram Road, Sin-
gapore 169608E-mail: julian_thumboo@sgh.com.sg




pain and reduction in physical function, leading to a significant
impact on the physical and psychosocial well-being of patients
(1). Not surprisingly, therefore, OA is a leading cause of disabil-
ity worldwide, particularly in the elderly (2). In the past 2 de-
cades, it has been increasingly recognized that a key outcome
measure for health care interventions for OA, as for many other
conditions, is health-related quality of life (HRQoL). HRQoL has
been defined as the subjective assessment of the impact of dis-
ease and treatment across the physical, psychological, social,
and somatic domains of functioning and well being (3). This is
especially germane for OA, where most available therapies target
symptoms rather than modifying the underlying disease process
(4,5). Determining the effectiveness of such therapies therefore
rests on assessing improvements in HRQoL of OA patients, as
commonly used clinical laboratory tests are not able to provide
such information. In addition to quantitative measurements of
joint space narrowing, HRQoL is also an important endpoint in
assessing possible disease-modifying agents in OA. This is illus-
trated by several randomized clinical trials (RCTs) that showed
improvements in HRQoL in OA patients treated with glu-
cosamine sulfate (6,7).
Currently, 3 broad categories of HRQoL instruments are
used to measure functional outcomes in patients with OA:
OA-specific instruments, “rheumatology-specific” instru-
ments adapted for use in OA patients, and generic, non-
disease-specific instruments (8). These categories of in-
struments complement each other: OA-specific and
“rheumatology-specific” instruments measure domains/
items of importance in OA, while generic instruments al-
low comparison of functional outcomes in OA with other
chronic conditions. However, each of these instruments
(with a few exceptions, eg, the World Health Organization
Quality of Life Instruments (WHOQOL) instruments (9))
was developed in one sociocultural context, based par-
tially on domains and items reported by patients (10-18).
Such instruments are increasingly being applied to mea-
sure HRQoL in OA patients in many other sociocultural
contexts. Therefore, despite having demonstrated good
psychometric properties in these different sociocultural
contexts, some concerns remain about the relevance of
these instruments because the nature and importance of
domains (and items within these domains) in patients with
OA may vary in different sociocultural contexts. For in-
stance, difficulty with taking a bath was considered as
important by Canadian OA patients (19), while roughly
40% patients in Sweden ranked it as unimportant (20).
Assessing the domains/items of HRQoL for OA patients is
also crucial for assessing equivalence of various translations
of a given HRQoL instrument. Herdman’s model to evaluate
cross-cultural equivalence includes 5 types of equivalence,
namely, conceptual, item, semantic, operational, and mea-
surement equivalence (21). Conceptual equivalence empha-
sizes the key role of identifying important domains/items of
HRQoL in the cross-cultural adaptation process. As sug-
gested by Herdman and coworkers, conceptual equivalence
can be achieved when the questionnaire demonstrates the
same relationship to the underlying concept in both cultures,
primarily in terms of domains included and the emphasis
placed on different domains. Measuring conceptual equiva-
lence is at times not extensively performed in traditional val-
idation studies and needs a broader type of study (eg, focus
group study) to explore the ways in which different popula-
tions conceptualize and weigh different domains of HRQoL
(21,22). For example, a review of the literature found that up
to 67% of publications on cross-cultural adaptation of
HRQoL measures failed to report on conceptual equivalence
(23). This is a concern, given that a HRQoL instrument in
which some domains/items are not important for patients in
a given sociocultural context is less likely to detect the true
impact of a disease on HRQoL. Importantly, this may result
in false-negative results in a clinical trial, where real differ-
ences may not be detected because the domains/items that
are important for patients are not assessed by the HRQoL
instruments used.
In the context of OA clinical trials, disease-specific
HRQoL instruments are currently in widespread use as
primary or secondary outcome measures (recently re-
viewed by Strand and Kelman (8)) and recommended by
various groups and authorities including Outcome Mea-
sures in Rheumatology (OMERACT) (24), Osteoarthritis
Research Society International (OARSI) (25), and the US
Food and Drug Administration (26). It is therefore impor-
tant, especially for multicenter clinical trials conducted in
various sociocultural contexts, to identify important do-
mains/items of HRQoL in patients with OA from these
sociocultural contexts. This could lead to substantial im-
provements in the performance of instruments in such
clinical trials by increasing their comparability, validity,
and sensitivity. This could also lead to reductions in the
sample size requirements (and thus cost) for such studies
and may also reduce the time spent by and burden on
subjects if the number of items in these instruments could
be reduced.
Therefore, to measure HRQoL in patients with OA of the
hip or knee in various sociocultural contexts, it is first neces-
sary to identify domains/items of HRQoL that are important
for these patients. This task needs to take into account the
possibility that some domains/items of HRQoL may vary in
importance in different sociocultural contexts, while some
other domains/items may be important universally. How-
ever, to date there has been a paucity of information on which
domains and items within these domains are constant or vary
in importance across different sociocultural contexts in pa-
tients with OA of the hip or knee. Our aims in this study were
therefore twofold. First, to identify and summarize the exist-
ing literature on the domains/items that are important for
patients with OA of the hip or knee in various sociocultural
contexts. Second, to critically evaluate existing OA-specific




We identified potentially relevant articles from the literature
using 2 overlapping strategies adapted from those proposed
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by Counsell (27). The strategies employed were as follows:
(1) search of several electronic databases (see below); and (2)
manual search of rheumatology and orthopedic journals
(January 2000 to March 2004), “Quality of life” (QoL) jour-
nals (ie, journals which generally published articles on QoL),
textbooks, and bibliographies of articles selected for full text
review. Non-English publications were included in the
search strategy as these were more likely to describe work in
different sociocultural contexts.
The electronic databases searched were Medline (1966 to
February 2004), PsycINFO (1967 to Jan 2004), ISI Web of
Knowledge (ISI) that included Web of Science (1988 to
2004), Current Contents Connect (2002 to 2004), and Pro-
ceedings (2002 to February 2004), and the Cochrane Li-
brary. Based on the aims of this study and a review of the
literature, we used 2 overlapping keyword search strategies
to retrieve articles (summarized in Table 1). The first strategy
was to use knee OA or hip OA as free text terms (topic/subject
for PsycINFO and ISI), each combined with other terms
which were selected to retrieve as many relevant articles as
possible (ie, MeSH headings, key words from articles identi-
fied in the literature, and key words from articles identified
using a pilot literature search). The second strategy was to use
names of arthritis- or OA-specific instruments as free text
terms (topic/subject for PsycINFO and ISI).
We manually searched the top 7 rheumatology and top 5
orthopedic journals ranked by 2002 impact factor, plus 4
journals which focus on article related to Quality of Life. As 2
of the top 5 ranked rheumatology journals published mainly
review articles, we included the sixth and seventh ranked
rheumatology journals so that there would be 5 rheumatol-
ogy journals publishing original research articles included in
the manual search (all listed in Table 1). A total of 15,844
articles were published in these 16 journals in the period
from January 2000 to March 2004, which made it impractical
to scan all of these manually. We therefore adopted a
3-pronged strategy by scanning the titles and abstracts of (1)
all articles published in 3 top-ranked rheumatology and or-
thopedic journals, and 4 “QoL” journals (n  8694); (2) all
articles from the 6 remaining rheumatology and orthopedic
journals which included “arthritis” as a key word (n 3168);
and (3) all articles in randomly selected issues from top 7
rheumatology and top 5 orthopedic journals (ie, 60 issues, 1
issue each year for each journal) to determine if some poten-
tial articles might have been missed by the second strategy.
We also manually searched 4 selected standard reference
textbooks (see Table 1) and bibliographies of the 77 articles
selected for full text review.
Selection of Articles for
Qualitative Systematic Review
Abstracts of all articles identified from electronic databases
were downloaded to Reference Manager Version 10 and
checked for duplication. The titles and abstracts of all these
articles from electronic search (n 8906) and manual search
(n  11,862) were reviewed by 1 author (X.F.) to identify
potentially relevant articles based on predefined inclusion
and exclusion criteria (listed in Table 2). To ensure that all
relevant articles would be identified, any article that ap-
peared to be relevant was selected.
The above process (based on a review of title and abstracts
of articles) identified 77 articles that potentially fulfilled cri-
teria for inclusion in the systematic review. The full texts of
these 77 articles were reviewed independently by two au-
thors (X.F. and J.T.) using the same predefined inclusion and
exclusion criteria to identify articles for synthesis in the liter-
ature review, with any difference in assessment resolved by
reaching a consensus.
Results
Identification of Potentially Relevant Articles
The electronic database search of Medline, PsycINFO, ISI,
and the Cochrane Library using two overlapping search strat-
egies yielded a total of 8906 articles for title and abstract
review. After reviewing the titles and abstracts of these arti-
cles, 72 potentially relevant articles were selected for full text
review. The manual search yielded a total of 5 additional
potentially relevant articles which had not been identified
through the electronic database search. The manual search of
16 journals utilizing the 3-pronged strategy outlined earlier
encompassed 11,862 articles, the titles and abstracts of
which were reviewed, yielding 2 potentially relevant articles
which had not been identified through the electronic data-
base search. Reassuringly, a manual search of 60 issues of the
12 rheumatology and orthopedic journals did not identify
any additional articles, suggesting that the 3-pronged manual
search strategy had identified the majority of relevant articles.
The manual search of textbooks and bibliographies identified
1 and 2 potentially relevant articles, respectively, that had not
been identified through the electronic database search (see
Fig. 1).
The various search strategies thus identified a total of 77
potentially relevant articles for full text review, of which 15
fulfilled inclusion criteria and were included in the literature
synthesis. The remaining 62 articles were excluded: 60 arti-
cles did not elicit OA patients’ preferences for important do-
mains/items of health, and 2 articles did not state the type of
arthritis assessed (although relevant information was elicited
from patients).
Literature Synthesis
Categorization of Studies Fulfilling Inclusion Criteria
The 15 articles fulfilling inclusion criteria described research
on domains/items of health of importance in patients with
OA of the hip or knee either as a primary focus of the study or
one of the major components. The majority of the studies
were conducted in English in the USA and Canada (n  4
each), the United Kingdom (n  2), Ireland (n  1), with 2
each in French and Swedish. As shown in Table 3, informa-
tion on domains/items of importance was derived from focus
groups in 1 study (30), patient interviews with open-ended
questions in 6 studies (15,20,28,31,33,40), both focus
groups and patient interviews with open-ended questions in
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1 study (29), open-ended individualized instruments in 4
studies (32,34,35,37), and patients’ ratings of importance to
domains/items in existing HRQoL instruments in 3 studies
(36,38,39).
Domains of Importance
Pain was the most important domain in all but 2 studies
(which used the Schedule for the Evaluation of Individual
Quality of Life (SEIQoL)) (32,37). Similarly, physical disabil-
ity was identified as another important domain in all but 2
studies, one of which focused exclusively on the domain of
pain (28), the other not providing any information on phys-
ical disability (37). Other symptoms of OA, mental health,
and social health were identified as important in 8 studies.
Sports/recreational activities was found to be important in 6
Table 1 Search Strategies
Electronic Database Search
Strategy I
(Osteoarthritis) AND (knee OR hip)
AND quality of life

















Strategy II (The first 5 instruments are the osteoarthritis-
specific, the other instruments have been adapted
for use in osteoarthritis)
Western Ontario and McMaster Universities
Osteoarthritis Index
Lequesne Algofunctional Index
Knee injury and Osteoarthritis Outcome Score
Hip disability and Osteoarthritis Outcome Score
Patient-Specific Index‡
McMaster Toronto Arthritis Patient Preference Disability
Questionnaire
Arthritis Impact Measurement Scales






Current Opinion in Rheumatology
Annals of the Rheumatic Diseases
Arthritis Research






Journal of Bone and Joint Surgery American volume




Quality of Life Research




Oxford Textbook of Rheumatology (2nd ed)
Kelley’s Textbook of Rheumatology (all editions)
Rheumatology (3rd ed)
Osteoarthritis
*Wildcard character used to expand the search.
†This strategy was used in conjunction with the Medline limit func-
tion to select articles relating to humans, adults aged 19 years
and over, and excluding clinical trials, randomized controlled
trials, letters, and practice guidelines.
‡Patient-Specific Index AND Osteoarthritis was used as a search
strategy as too many irrelevant articles were identified using only
Patient-Specific Index.
§Health Assessment Questionnaire AND (develop* OR preference)
was used as a search strategy because we were interested only
in domains/items elicited from patients during the instrument
development process.
Ranked according to 2002 impact factor.
Table 2 Selection Criteria for Articles for Inclusion in
the Review
Inclusion Criteria
(1) Study subjects included patients with OA of the hip
and/or knee.
(2) Disease under study included OA of the hip and/or
knee.
(3) Inclusion of information on domains and/or items of
relevance and importance to patients with OA of the
hip and/or knee from patients’ own perceptions
through focus groups, patient interviews with open-
ended questions, or patients’ ratings of importance
of stated domains/items.
Exclusion Criteria
(1) Articles only assessing patients with other forms of
arthritis (eg, rheumatoid arthritis).
(2) Articles only studying patients with OA of joints
other than the hip or knee.
(3) Instruments only assessing OA in joints other than
the hip or knee.
(4) Articles on HRQoL of OA patients which did not
evaluate patients’ preference or self-report of
domains/items of importance.
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studies. Knee/hip-related quality of life was important only in
the studies conducted in Sweden (15,20) (see Table 3).
Items of Importance
The important items contributing to each domain of
HRQoL in patients with OA of the hip or knee varied from
country to country. The assessment of the importance of
individual items was hampered by the fact that informa-
tion for each item in a given domain was often assessed in
one or more countries, but seldom in every country in-
cluded in this review. The items of importance for each
country were listed in Table 4 and summarized below.
Two studies (29,37) did not provide information on im-
portant items and thus were excluded from the following
summary.
Pain (assessed in 4 countries, not France): Patients in Swe-
den and Canada reported that pain when performing certain
activities (eg, knee bending, walking) was important, while
patients in the USA and UK reported that being free of pain
was important (this item was assessed in these 2 countries
only). Physical disability (assessed in 5 countries): Home ac-
tivities were considered as important across all 5 countries.
Gardening, walking, and bending were important in 4 coun-
tries. The majority of the items contributing to physical dis-
ability (16 of 21) were identified as important in 2 or 3
countries. Writing was only reported as important in the UK.
Sports/recreational activities (assessed in 5 countries): Danc-
ing, sports activities, and restriction in leisure activities were
important in various countries. Bowling was only important
in the USA and UK. The remaining items were important in
either Sweden or France. Other symptoms of OA (assessed in 4
countries, not France): Symptoms of OA have been studied
especially in Sweden as compared with other countries,
where 9 of 12 items were seen as important by patients in
Sweden. Limp, unequal limb length, and morning stiffness
were reported as important in the USA and Canada. Mental
health (assessed in 4 countries, not Sweden): Important items
within this domain have been most studied in the USA and
Canada. Feelings of helplessness, happiness, satisfaction, and
hope were commonly important in the USA and Canada,
while depression and lack of sleep were important in the UK
and Canada, and anxiety/worry was important in the UK and
France. Social health (assessed in 3 countries, not Sweden and
UK): Important items in this domain were addressed in stud-
ies conducted in the USA, France, and Canada, where work-
ing and relations with friends were important in all 3 coun-
tries. Relations with spouse and family, decreased socializing,
Electronic Search 
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                                                              77 articles for fulltext review                                                                                                                
                                                                                                                                                                                                                                      
                                                                                                                                                       
 
                                                                    15 articles fulfilling inclusion criteria  




x Journals (n=11,862) 
    All articles from 10 journals§ (n=8,694) 
    All articles identified using “arthritis” as a  
      key word in remaining 6 journals (n=3,168)
    All articles randomly selected from 60 issues
      in 12 journalsŒ 
x Bibliographies of all fulltext review articles  
      (n=77)   
x Standard textbooks (n=4, see Table 1) 
Figure 1 Article selection process. *Numbers refer to references identified unless otherwise stated. †Numbers after
checking for duplication using Reference Manager. ‡All timeframes of manual search in journals are January 2000 to
March 2004. §Top 3 ranked rheumatology and top 3 ranked orthopedic journals plus 4 journals which frequently
publish articles related to Health Related Quality of Life. Top 5 ranked orthopaedic journals and top 7 ranked
rheumatology journals (as 2 of the top 5 ranked rheumatology journals published mainly review articles, we included
the sixth and seventh ranked journals, which publish original articles). ¶Not identified in electronic database search.
ISI: ISI Web of Knowledge.
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Country/Language Aim of Study
Barr et al39 Knee/OA/Canada/English To compare signal versus aggregate measurement
strategies using the WOMAC
Bayle et al32 Hip/OA/France/French To compare two methods of administration of the
SEIQoL several months before and after total
hip arthroplasty
Bellamy et al31 Knee or hip/OA/Canada/English To define the dimensionality of pain and disability
and identify clinical important items in a group
of potential drug-study patients
Bellamy et al38 Knee/OA/Canada/English To examine the relationship between importance
and severity scores using the WOMAC
Klässbo et al20 Hip/OA/Sweden/Swedish To further develop the WOMAC for people with
hip disability with and without hip OA
Kwoh et al36 OA and RA/USA/English To identify rheumatic patients’ choices for
important health and symptom status outcomes
and assess physicians’ ability to detect them
Lieberman et al34 Hip/OA/USA/English To determine if a patient’s reasons for undergoing
a primary total hip arthroplasty changed over 1
year
O’Boyle et al37 Hip/OA/Ireland/English To determine the sensitivity of the SEIQoL to the
impact of hip replacement by comparison with
measures that do not include the patients’
perspective
O’Malley et al28 Knee/OA/USA/English To develop a reliable and valid instrument for
measuring and monitoring joint-specific pain
Rat et al29 Lower limbs/OA/France/French To develop a questionnaire measuring quality of
life in patients with OA of the lower limbs
Roos et al15 Knee/Posttraumatic
OA/Sweden/Swedish
To develop a self-administered questionnaire,
KOOS
Tallon et al30 Knee/OA/UK/English To explore the symptoms, treatments, and
research agenda from the perspective of
patients with OA of the knee




Domains/Items Domains of Importance Comments
Patients’ ratings of importance




Signal items selected by some patients










Important items were elicited using an
individualized instrument (SEIQoL).
Expert input and patient







Patients were asked to comment on
domains/items provided by experts.
No additional domains/items from
patients were added to the final
scale.
Patients’ ratings of importance




The importance ascribed by patients to
each of the items was similar.
Existing instruments (WOMAC








Hip-related quality of life
Most of the important items were
adopted from the WOMAC and
KOOS, with several additional
domains and items identified through
interviews with patients.
Patients’ ratings of importance






This study derived patients’ preference
through listing the domains and
items definitively related to health










The MACTAR was used to identify








This study elicited important domains,
but did not report the important
items within each domain assessed.





Items were elicited from interviews











The important domains and items were
generated mainly from patients and
caregivers. Only available in abstract
form at the time of manuscript
submission.
Literature review, expert panel




Activities of daily living
Sport/recreation function
Knee-related quality of life
Two domains and several items were
derived from both patients and
experts’ perspectives, while the






One focus group was conducted to
explore the impact of OA.
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and religious activities were important in the US and Canada.
Knee/hip-related quality of life (assessed only in Sweden): This
domain aims to evaluate the general health status of such
patients and was only studied in Sweden, where awareness,
modification made to avoid the disease, lack of confidence,
and general difficulty were reported as important.
Relevance of OA-Specific
Instruments in Various Sociocultural Contexts
Five OA-specific instruments used in HRQoL measurement
of patients with OA of the hip or knee (full names listed in
Table 1) were selected for review: the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) and
Lequesne Algofunctional Index (LAI) because they are very
commonly used instruments; the Knee Injury and Osteoar-
thritis Outcome Score (KOOS) and Hip Disability Osteoar-
thritis Outcome Score (HOOS) because they incorporate the
WOMAC and additionally measure other domains of
HRQoL; the Patient-Specific Index (PASI) because it is an
individualized HRQoL measure. The coverage by each in-
strument of important domains/items in OA differed some-
what, as detailed in Table 4 and summarized below. Pain is
assessed by all instruments. Of 16 pain items, 9 items each
are included in the KOOS and HOOS, 5 in the WOMAC, 4 in
the LAI, and 2 in the PASI. Physical disability is also assessed
by all instruments. Of 21 physical disability items, 14 are
included in the WOMAC, KOOS, and HOOS, 13 in the PASI,
and 8 in the LAI. Sports/recreational activities is assessed by all
instruments but the WOMAC. Of 14 items within this do-
main, 5 items each are included in the KOOS and HOOS, 1
item each in the LAI and PASI. Other Symptoms of OA are
assessed by all instruments. Of 12 items, 9 are found in the
KOOS and HOOS, 4 in the PASI, 2 in the WOMAC, and 1 in
the LAI. Social health and Mental health are measured only by
the PASI, which includes 1 and 3 items, respectively. Knee/
hip-related quality of life is measured only by the KOOS and
HOOS (4 of 4 items).
Discussion
We found in this systematic review of the published literature
that pain, physical disability, sports/recreational activities,
other symptoms of OA, mental health, social health, and
knee/hip-related quality of life were important HRQoL do-
mains for patients with OA of the hip or knee. Importantly,
the existing literature showed that items contributing to each
of these domains varied across countries, with the exception
of items contributing to physical disability. Another impor-
tant finding was the paucity of information on this important
topic, with only 15 relevant studies identified that were per-
formed in only 6 countries and 3 languages, all of which fell
into the general framework of a Western sociocultural con-
text. Since the way that different populations conceptualize
health and HRQoL may be influenced by their sociocultural
backgrounds, it is unclear whether the domains/items iden-
tified as important in these 15 studies would also be impor-
tant in other sociocultural contexts. Similar studies con-
ducted among patients with OA of the hip or knee in a wide
variety of sociocultural contexts are therefore needed to pro-
vide an accurate and comprehensive picture of the impact of
knee or hip OA, a common and disabling disease occurring
around the world. Such studies would also help to identify
the most appropriate OA-specific instruments for use in a
given sociocultural context, or for multinational or multilin-
gual studies, especially clinical trials.
An important observation in this study was that some
items in the physical disability domain were important in all
countries, while items in other domains varied in importance
from country to country. Items related to housekeeping ac-





Country/Language Aim of Study
Tully et al35 OA, RA, and “Rheumatism”/UK/
English
To determine the validity of the modified patient
generated index, an individualized HRQoL
measure, in old people with arthritis
Wright et al33 Hip/OA/Canada/English To determine the psychometric properties of the
PASI and compare different methods of
combining the ratings of the severity and
importance of complaints in patients scheduled
for total hip arthroplasty
Wright et al40 Hip/OA/USA/English To assess individual differences in complaints in
patients just before hip replacement surgery
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tivities within the domain of physical disability were reported
as important in all countries, possibly because some activities
of daily living are universally important regardless of the
sociocultural contexts. This observation, if confirmed, would
lend support to the notion that it may be possible to identify
a list of “core” domains/items that are important in the ma-
jority of sociocultural contexts, which would thus allow com-
parison of HRQoL of OA patients across different sociocul-
tural contexts.
In contrast, items from the other domains of HRQoL were
identified as important in some, but not other countries. This
may reflect the fact that the impact caused by knee or hip OA
depends to a large degree on the patients’ lifestyle, which is
significantly influenced by sociocultural factors. For exam-
ple, bathing may be important for some patients with OA of
the hip or knee, but would not be relevant in some place
where bathing is uncommon (eg, Tibet).
These findings suggest that, in measuring HRQoL in pa-
tients with OA of the hip or knee, it may be useful to identify
and measure both “core” domains/items (which are univer-
sally important) and “noncore” domains/items (which are
important in a given sociocultural context) from perspective
of patients. This is especially germane in RCTs as highlighted
in a recent review by Strand and Kelman (8). The derivation
of the minimum clinically important differences (MCID)
from “core” domains/items would allow meaningful and
valid comparisons of efficacy of various treatments for OA in
RCTs conducted in various sociocultural contexts. On a re-
lated note, “noncore” domains/items could be included in
RCTs conducted in sociocultural contexts where these “non-
core” domains/items have been shown to be important to
patients with OA. This approach merits further research, as it
could potentially improve the sensitivity to change of HRQoL
instruments in these sociocultural contexts, possibly leading
to smaller sample size requirements and reducing the cost
and recruitment period for such RCTs (41).
Based on the results of this systematic review, we had
hoped to identify which OA-specific HRQoL instruments
might be more suitable for use in a given sociocultural con-
text. However, this was not possible given the paucity of
literature on domains/items of HRQoL of importance in vary-
ing sociocultural contexts. Thus, although the PASI included
more domains of importance and the KOOS/HOOS included
more items of importance when compared with other OA-
specific instruments, the limited number of studies (n 15),
countries, and languages that provided information on the
domains/items of importance did not allow any conclusions
to be drawn. Additionally, 8 of the 15 studies meeting inclu-
sion criteria reported developmental work for 1 of these 5
instruments (3 PASI, 3 WOMAC, and 1 each KOOS and
HOOS), and it would be rather circular to base an assessment
of suitability of an instrument on work reporting develop-
ment of the same instrument.
To the best of our knowledge, this is the first review to
identify the important domains/items perceived by patients
with OA of the hip or knee. Several issues arising from our
findings could be addressed in future research. First, addi-
tional research is needed to determine which domains/items
of HRQoL are important for patients with OA of the hip or
knee in a wide variety of sociocultural contexts for reasons
stated previously. Second, the presence (or absence) of “core”
domains/items which are universally present in such patients
needs to be determined to guide the selection of OA-specific
instruments for use in multinational clinical trials and cohort
studies. Third, as most OA-specific instruments do not mea-
sure mental health and social health (the exception, the PASI
includes only a few items), it needs to be determined whether
these domains should be incorporated into OA-specific in-
struments or measured by a complementary generic instru-
ment administered together with a disease-specific OA in-
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Table 4 Important HRQoL Domains and Items Categorized by Country and Compared with Five OA-Specific Instruments
Items Identified as Important by
Country*
Items Identified as Important by
Instrument
USA UK Sweden France Canada WOMAC KOOS HOOS PASI LAI
Pain
Night pain          
Daytime pain          
Achy and sore pain          
Free of pain          
Pain severity          
Pain intensity          
Pain duration          
Frequency of pain          
Twisting/pivoting on knee          
Straightening knee fully          
Bending knee fully          
Walking          
Climbing stairs          
Strenuous exercise          
Standing upright          
Sitting/lying          
Physical disability
Standing          
Toilet activities          
Climbing stairs          
Housekeeping activities          
Gardening          
Walking          
Shopping          
Putting on/taking off
shoes/socks
         
In/out of bed          
In/out of car          
Driving          
Public transportation          
Bending          
Sitting          
Rising from sitting          
Sexual activities          
Use of walking aids          
Bathing          
Mobility          
Writing          
Taking medications          
Sports/recreational activities
Bowling          
Dancing          
Sports activities          
Squatting          
Running          
Jumping          
Turning/twisting          
Kneeling          
Playing games          
Watching TV          
Traveling          
Reading          
Caring for animals          
Restriction in leisure
activities
         
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Table 4 Continued
Items Identified as Important by
Country*
Items Identified as Important by
Instrument
USA UK Sweden France Canada WOMAC KOOS HOOS PASI LAI
Other symptoms of OA
Limp          
Swelling          
Clicking          
Cracking          
Grinding          
Knee/hip: catch up when
moving
         
Knee/hip: hang up when
moving
         
Straightening knee/hip
fully
         
Unequal limb lengths          
Bending knee/hip fully          
Morning stiffness          
Stiffness after
sitting/lying/resting
         
Mental health
Feelings of helplessness          
Making decisions          
Feelings of happiness          
Feelings of satisfaction          
Fear of falling          
Feelings of hope         
Having pep and energy          
Rating situation regarding
pain
         
Anxiety/worry          
Depression          
Sleepless          
Confidence in mobility          
Tranquility          
Self-sufficiency          
Disturbed sense of well-
being
         
Boredom          
Irritability          
Social health
Working          
Being listened to          
Relations with spouse          
Relations with family          
Relations with friends          
Relations with others          
Adherence to moral
principles
         
Decreased socializing          
Religious activities          
Knee/hip-related quality of
life
Awareness of the problem          
Modification to avoid the
problem
         
Trouble with lack of
confidence
         
General difficulty with
knee or hip
         
, A given item is important; , importance of a given item was not assessed.
*Information on items of importance in each domain was not provided in studies by O’Boyle 37 and Rat.29
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builds on existing instruments. However, the relative merits
of both approaches need to be studied empirically.
In conclusion, a surprisingly sparse literature (summa-
rized in this review) reports important HRQoL domains/
items from the perspective of patients with knee or hip OA.
Additional studies are needed to determine the domains/
items of importance for these patients in a variety of socio-
cultural contexts and to confirm that OA-specific HRQoL
measures are truly accurate and comprehensive when ap-
plied in these various sociocultural contexts.
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Summary
Objectives: To determine important health-related quality of life (HRQoL) domains and items within each domain affected by knee osteoar-
thritis (OA), identify ethnic variations in the importance of these domains and items among three ethnic groups, and determine how identiﬁed
domains and items mapped onto selected OA-speciﬁc HRQoL instruments.
Methods: Focus groups were conducted among subjects with knee OA stratiﬁed by gender, ethnicity, and language spoken. All focus groups
were audio-taped and transcribed verbatim, with subsequent translation into English for groups conducted in other languages. Data analysis
was performed by combining the key elements of grounded theory and content analysis with the assistance of the qualitative software ATLAS/
ti 5.0.
Results: Five domains (pain, physical disability, other symptoms of OA, mental health, and social health) were identiﬁed from the 74 items
reported as important by at least one subject. These domains were important for subjects from all ethnic groups with the exception of social
health, which was more often important for Malay subjects. Items more commonly reported as important in the pain, physical disability, and
other symptoms of OA domains were generally similar across ethnic groups. In contrast, important items in the mental and social health do-
mains differed among ethnic groups.
Conclusions: The impact of knee OA on HRQoL is broadly similar in both Asian and Western socio-cultural contexts. Both similarities and
differences in important domains and items were identiﬁed among subjects with knee OA from three major Asian ethnic groups.
ª 2005 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
Key words: Osteoarthritis, Knee, Focus groups, Ethnicity, Quality of life.
Introduction
Kneeosteoarthritis (OA) is oneof the commonest formsofOA
in the world. Pain and physical disability, the two main symp-
toms of knee OA, have a signiﬁcant impact on health-related
quality of life (HRQoL) of patients1. Therefore, HRQoL has
been widely accepted as one of the key outcome measures
in knee OA, and several instruments (e.g., the Western On-
tario and McMaster Universities Osteoarthritis Index, WO-
MAC) have been speciﬁcally developed to measure the
HRQoL of patients with knee or hip OA and have beenwidely
used in clinical trials and cohort studies of patients with
OA2e4. These instruments were developed in one socio-cul-
tural context and have been extensively applied in other so-
cio-cultural contexts with the assumption that important
domains of health (e.g., pain) and items within each domain
(e.g., pain when walking) are of similar importance across
these different contexts. However, this assumption needs
to be empirically tested and proven, as it does not always
hold true. For example, studies have shown that different eth-
nic groupsvary in their perceptionof joint pain, possibly due to
differing pain coping strategies and control beliefs5e7. Simi-
larly, physical disability of OA patients has been shown to
vary among ethnic groups because factors associated with
physical disability also vary by ethnic group8. Psychological
wellbeing can also be affected in patients with knee OA be-
cause this condition affects the ability to perform social roles.
The degree of impact on psychological wellbeing depends on
the importance of these social roles, which have been valued
differently by different ethnic groups9. These observations
highlight the need to take into account the impact of varying
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socio-cultural contexts in determining which domains and
items of HRQoL are important for knee OA patients. The
need for this has been further highlighted by a recent system-
atic literature review which showed that though domains of
HRQoL of importance in patients with knee or hip OA were
similar in Western socio-cultural contexts, the items within
each domain varied among these socio-cultural contexts10.
Importantly, only 15 studies assessing important domains
and items from a patient’s perspective were identiﬁed, all of
which were performed in Western socio-cultural contexts10.
This underscores the need for such research in awide variety
of socio-cultural contexts to determine if existing HRQoL in-
struments adequately measure domains and items of impor-
tance for patients with OA in these contexts.
In the cross-cultural validation of HRQoL instruments for
knee OA, quantitative methods have been widely applied
by testing the performance of these instruments in terms
of psychometric properties such as reliability and validity.
These methods are necessary but by themselves insufﬁ-
cient because they do not determine how important and
relevant the content of a given instrument is in a target so-
cio-cultural context. Qualitative methods (such as asking,
observing, and interpreting) address these issues by cap-
turing the perspective of individuals regarding the impact
of chronic diseases, which may not be adequately as-
sessed using quantitative techniques11,12. Such methods
are also useful in understanding the impact of socio-cultural
factors on health issues13 and thus interpreting the varia-
tions in performance of different instruments or the same
instrument in different socio-cultural contexts.
Singapore is an ideal setting to conduct such a qualitative
study because of its multiethnic Chinese, Malay, and Indian
populations, representing three major ethnic groups world-
wide. This would allow identiﬁcation of domains and items of
common importance across three ethnic groups as well as
those which differ in importance among these ethnic groups.
We therefore conducted a focus group study among Chi-
nese, Malay and Indian subjects with knee OA in Singapore
to determine the following: (1) the important HRQoL domains
and items within each domain affected by knee OA among
three ethnic groups, (2) ethnic variations in the importance
of these domains and items, and (3) how identiﬁed domains
and items mapped onto selected OA-speciﬁc HRQoL instru-
ments. We elected to use focus group methodology as this
incorporates elements of participant observation and individ-
ual interviews (two well-known approaches to collect qualita-
tive data) while maintaining its own uniqueness as
a distinctive research method14. A focus group is a carefully
planned discussion among selected individuals on speciﬁc
topics in a permissive and comfortable environment15,16. It
encourages participation by all participants through dynamic
group interaction17,18, facilitates in-depth discussions, pro-
vides rich and detailed data about perceptions, feelings,
and thoughts of participants in their own words19 and is
more sensitive to socialecultural variables because of ﬂexi-
bility in the forms of communication17. Although focus groups
have been applied in studying HRQoL in a variety of condi-
tions including chronic pain20 and asthma21, few such stud-
ies have been performed in knee OA22,23.
Methods
RECRUITMENT OF SUBJECTS
Subjects were recruited from databases maintained by
the Departments of Rheumatology & Immunology and
Orthopaedic Surgery in the Singapore General Hospital,
a tertiary referral hospital in Singapore. All subjects were di-
agnosed with knee OA by their attending rheumatologist or
orthopaedic surgeon, based on clinical and radiographic
features, and had not undergone knee surgery at the time
of focus group attendance. Written informed consent was
obtained from participating subjects for this Institutional Re-
view Board approved study.
FORMAT OF FOCUS GROUPS
We planned the number and composition of focus groups
in this study based on several considerations. First, males
and females may interact differently in mixed-gender as op-
posed to same-gender groups24e26. Second, subjects from
different ethnic groups might have different preferences for
important HRQoL domains and items, even if they share
similar socio-cultural backgrounds. Third, subjects in a given
ethnic group might speak their mother tongue and/or En-
glish. These considerations led us to place subjects of sim-
ilar gender, ethnicity, and language spoken in a given focus
group to facilitate interaction. Ideally, there would, thus, be
four focus groups for each ethnic group (English-speaking
males and females, and native language-speaking males
and females, respectively). We were able to conduct these
planned focus groups with the exception of those for Malay
and Indian males because there were few Malay and Indian
males with knee OA identiﬁed despite extensive efforts. We
also limited the group size to between three and six sub-
jects in order to allow each subject ample opportunities to
share their ideas while allowing a diversity of opinions16.
We followed the focus group procedure recommended by
Krueger16. One experienced moderator who was ﬂuent in
the language in which the focus group was conducted led
each focus group with the assistance of two note-takers.
An open-ended question was asked ‘what are the most im-
portant ways OA has impacted on your life in your own ex-
perience?’ To avoid imposing their own opinions on the
subjects’ answers, moderators stimulated discussions
among the subjects using questions based only on what
the subjects had said. These questions consisted mostly
of clariﬁcations and probing for details26. In each focus
group, the moderator repeatedly emphasized that the topic
of the discussion was the impact of OA per se. Towards the
end of each focus group, subjects were asked to answer
some structured open and close-ended questions. Each fo-
cus group lasted approximately 2 h. All focus groups were
audio-taped and transcribed verbatim, with subsequent
translation into English for groups conducted in Chinese,
Malay, or Tamil. In analyzing the data, we repeatedly and
iteratively checked with the translators to ensure the accu-
racy of key concepts so that these were accurately con-
veyed in the English translations.
DATA ANALYSIS
Data analysis was performed by combining the key ele-
ments of grounded theory and content analysis14,19,27. First,
as the main areas of impact of OA such as pain and phys-
ical disability have been well recognized and thus prede-
ﬁned in this study, open and sentence-by-sentence rather
than line-by-line coding27 was performed by naming or de-
ﬁning concepts through close examination of the data. Pro-
visional subcategories (i.e., items) and categories (i.e.,
domains) emerged either simultaneously or after re-reading
the transcripts, around which similar events or incidences
were grouped. These subcategories and categories were
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compared and integrated with those described in the litera-
ture on knee OA10. Second, axial coding was employed
with the aim of connecting subcategories and categories.
During this process, existing and newly emerging subcate-
gories and categories were veriﬁed and/or modiﬁed by re-
reading the transcripts. Selective coding, a more abstract
level of data analysis which aims to cover most data, was
not performed as the highest level concept (i.e., HRQoL)
in this study had already been predeﬁned based on the
study objectives. As recommended by Strauss and Cor-
bin27, coding procedures were performed in sequence im-
mediately after each focus group was conducted, which
further directed and reﬁned the conduct of subsequent fo-
cus groups. After completing all focus groups, theoretical
sampling technique was conducted by comparing codes,
subcategories (i.e., items), and categories (i.e., domains),
identifying the gaps among them, and purposively collecting
the data from the transcripts to ﬁll in these gaps. This pro-
cess of data analysis ended when no new data emerged
which ﬁt into the already identiﬁed subcategories and cate-
gories after serial review of the transcripts (i.e., ‘‘saturation’’).
Finally, based on the content analysis, we calculated the
percentage (with the 95% conﬁdence interval, 95% CI) of
subjects within each ethnic group who indicated a given
subcategory (i.e., item) or category (i.e., domain) was im-
portant. We empirically deﬁned a 30% difference among
ethnic groups as being clinically important so as to reduce
overlapping between these 95% CIs while recognizing the
constraints imposed by the relatively small number of sub-
jects studied in qualitative research. The data were ana-
lyzed with the assistance of the qualitative software
ATLAS/ti 5.0 (Scientiﬁc Software Development, Berlin,
Germany), which utilizes a conceptual framework building
on grounded theory. Additionally, we determined how iden-
tiﬁed domains and items mapped onto the WOMAC, Knee
injury and Osteoarthritis Outcome Score (KOOS)28 and
Lequesne Algofunctional Knee Index (LAI)29 by tabulating




Of the 75 subjects identiﬁed from databases of patients
with OA at the Singapore General Hospital, 25 declined to
participate for unstated personal reasons, one had passed
away, and eight with hand or shoulder OA were excluded.
The remaining 41 subjects participated in one of nine focus
groups conducted from August to November 2004. Four
groups were conducted in ethnic Chinese (separate groups
for English and Chinese-speaking males and females), two
in ethnic Malay females (separate groups for English and
Malay speakers), two in ethnic Indian females (separate
groups for English and Tamil speakers), and one in Malay
and Indian males (conducted in English). The median num-
ber of subjects was four persons per group (range, 3e6 per-
sons). As shown in Table I, most subjects in all three ethnic
groups were married, had received between 7 and 10 years
of education, were retired or homemakers, and had been di-
agnosed with knee OA for more than 5 years. Almost all In-
dian subjects (91%) were diagnosed with comorbid medical
conditions, compared with 65% Chinese and 70% Malay
subjects.
DOMAINS OF IMPORTANCE
Five domains, namely, pain (nZ 21), physical disability
(nZ 26), other symptoms of OA (nZ 8), mental health
(nZ 14), and social health (nZ 5), were identiﬁed from
the 74 items reported as important by at least one subject.
All domains with the exception of social health were impor-
tant for almost all subjects in the focus groups. More Malay
than Chinese or Indian subjects indicated that the social
health domain was important to them (Table II).
ITEMS OF IMPORTANCE
Items most commonly reported as important in the do-
mains of pain, physical disability, and other symptoms of
OA were generally similar among Chinese, Malays, and In-
dians (with some exceptions). In contrast, items from the
domains of mental and social health were important for
a smaller proportion of subjects and showed more variability
across ethnic groups (see Table III).
Items differing in importance among various ethnic groups
(based on our a priori criteria of a 30% or more difference in
prevalence among three ethnic groups) were as follows:
Pain: More Malay or Indian than Chinese subjects indicat-
ed that pain when going up stairs and sitting down for
a long period were important for them.
Physical disability: More Chinese subjects reported difﬁ-
culty when squatting down and walking after a period of
inactivity compared with Malay subjects. Over one-third
Chinese subjects reported difﬁculty when rising from
squatting for a long period as important, while no Indian
Table I













Female 11(55) 8(80)* 8(73)* 27(66)
Years of education
No formal education 4(20) 1(10) 1(9) 6(15)
1e6 5(25) 3(30) 1(9) 9(22)
7e10 10(50) 6(60) 6(55) 21(53)
O10 1(5) 0(0) 3(27) 4(10)
Marital status
Single 5(25) 0(0) 1(9) 6(14)
Married 11(55) 6(60) 7(64) 24(59)
Divorced 1(5) 1(10) 0(0) 2(5)
Widowed 3(15) 3(30) 3(27) 9(22)
Retired/homemaker 15(75) 6(60) 10(91) 31(76)
Presence of comorbid
medical conditionsy
13(65) 7(70) 10(91) 30(73)
Years since diagnosed with OA
%1 2(10) 2(20) 2(18) 6(15)
2e3 5(25) 2(20) 3(27) 10(24)
4e5 5(25) 2(20) 2(18) 9(22)
O5 8(40) 4(40) 4(37) 16(39)
*Females were over represented because fewer Malay and Indian
males were recruited despite extensive efforts.
yComorbid medical conditions included hypertension (nZ 18),
diabetes (nZ 13), cardiovascular diseases (nZ 7), high cholesterol
(nZ 6), cancer (nZ 3), gastric ulcer (nZ 1), ocular disease (nZ 1),
thyroid nodules (nZ 1), cataract (nZ 1), and asthma (nZ 1).
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subjects reported this problem. In contrast, more Malays,
relative to Chinese or Indians, were concerned about dif-
ﬁculty when walking. More Indians reported difﬁculty
when sitting for a long period and sitting on the ground
as important compared with Chinese. For example, ‘‘I
cannot sit on the floor anymore. At the temple, (I) can
only sit on the steps with a cushion on the floor . my
knees cannot take it if . I sit on the floor.’’ ‘‘. I cannot
sit in one position for too long, even seated like this now.’’
Other symptoms of OA: More Chinese and Malay sub-
jects indicated clicking when moving knees was important
than did Indian subjects. More Chinese than Malays were
concerned about limping. In contrast, more Malays than
Chinese or Indians were concerned about swelling and
cracking when moving knees. More Indian subjects
reported stiffness as important than Chinese or Malay
subjects did.
Mental health: More Indian subjects were concerned
about mental health items such as sadness and anxiety/
worry than subjects from the other two ethnic groups.
Social health: Compared with Chinese and Indian sub-
jects, more Malay subjects considered impact on religious
activities as important to them. For instance, ‘‘Previously I
went to the mosque twice a week but now only once
a week because of the pain.’’
MAPPING OF ITEMS AND DOMAINS TO OA-SPECIFIC
INSTRUMENTS
As shown in Table III, of 74 items of importance, 14 map-
ped to the WOMAC from the pain (nZ 5), physical disability
(nZ 8), and stiffness (nZ 1) domains. Twenty-one items
mapped to the KOOS from the pain (nZ 6), physical disabil-
ity (nZ 10), stiffness (nZ 1), and symptoms (nZ 4) do-
mains, and 12 items mapped to the LAI from the pain
(nZ 5) and physical disability (nZ 7) domains. Of note, all
11 items in the LAI were reported as important by subjects,
while 10 (of 24) WOMAC items and 21 (of 42) KOOS items
were not reported as important. In the physical disability do-
main, most of the items included in the three instruments
were important across all three ethnic groups. In contrast,
in the pain domain, items from the KOOS and WOMAC
were important across all three ethnic groups (e.g., pain
when walking, going upstairs and downstairs), while items
from the LAI were important more frequently among Malay
than Chinese or Indian participants (e.g., pain when walking
or standing for a long period). In the other symptoms of OA
domain, most of the items were included in the KOOS and
were important across three ethnic groups.
Discussion
In this focus group study of Asian subjects with knee OA,
we identiﬁed ﬁve HRQoL domains and a variety of items
within each domain which were important in Chinese, Malay,
and Indian subjects, representing three major ethnic groups
worldwide. We also identiﬁed similarities and differences
among theseethnicgroups in the importanceof someof these
domains and items, and mapped these items to selected,
commonly used OA-speciﬁc HRQoL instruments. To the
best of our knowledge, this is the ﬁrst such study in patients
with knee OA from these three ethnic groups, who together
represent over 38%of theglobal population30. Theseﬁndings
are important and have potential implications for clinical prac-
tice and research. First, they conﬁrm that OA affects at least
some subjects from these ethnic groups in a way similar to
that seen in other socio-cultural contexts10. Second, they
support the use of existing HRQoL instruments (e.g., the
WOMAC, KOOS, LAI) which assess pain, physical function,
and other symptoms of OA in measuring HRQoL in OA pa-
tients from these ethnic groups. This provides a basis for
the cross-cultural adaptation of these instruments for use
among such patients aswell as the application of such instru-
ments in clinical trials enrolling such patients. Third, they
broaden theexisting knowledgeofHRQoL in kneeOAbypro-
viding in-depth information which may not be revealed using
quantitative methodologies alone. For example, it has been
suggested that there are redundant items in the WOMAC,
where separate items address pain and physical disability
arising from the same action (e.g., pain whenwalking and dif-
ﬁcultywhenwalking)31. However, thismaynot necessarily be
the case, as the subjects in this study expressed that limita-
tions in some activities might be due to varying reasons
such as stiffness, pain, or the combination of both.
The demonstration that most identiﬁed domains of HRQoL
were important among all ethnic groups studied has several
important implications. A recent qualitative systematic litera-
ture review from our group10 showed that several domains of
HRQoL were important for OA patients in some Western so-
cio-cultural contexts. The ﬁndings of this study extend this
observation by showing that similar domains are important
in an Asian socio-cultural context, where three major ethnic
groups are represented. While the domains of pain, physical
disability, other symptoms of OA, andmental health were im-
portant for the majority of patients, the domain of social
health was more important for Malay than Chinese or Indian
subjects. This may be accounted for by the observation by
Abraido-Lanza that the level of social impact of arthritis
may vary among ethnic groups because the value assigned
to each social role varies among different ethnic groups9. Al-
ternatively, these differences may be related to signiﬁcant
differences in socio-demographic status among the study
participants (see Table I).
Within each domain, the presence of some items of com-
mon importance among all three ethnic groups, and of other
items differing in importance among these same groups is
of interest. The use of items of common importance could
allow the comparison of the HRQoL of subjects with knee
OA across these three ethnic groups, while the use of items
Table II
Important domains among knee OA subjects in Singapore
Domains n (%) [95% CI]
Chinese (nZ 20) Malay (nZ 10) Indian (nZ 11) Total (nZ 41)
Pain 20(100) [100, 100] 10(100) [100, 100] 11(100) [100, 100] 41(100)
Physical disability 20(100) [100, 100] 10(100) [100, 100] 11(100) [100, 100] 41(100)
Other symptoms of OA 20(100) [100, 100] 10(100) [100, 100] 9(82) [59, 100] 39(95)
Mental health 15(75) [56, 94] 8(80) [55, 100] 11(100) [100, 100] 34(83)
Social health 5(25) [6, 44] 8(80) [55, 100] 4(36) [8, 64] 17(41)
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Table III
Important items within each domain among knee OA subjects in Singapore










Domain: Pain (nZ 21)
Relief of pain 15(75) 8(80) 9(82) 32(78)
Pain when walking 7(35) 6(60) 5(45) 18(44) C C
Pain when going up stairs 4(20) [2, 38] 6(60) [30, 90] 7(64) [36, 92] 17(41) C C
Pain when going down stairs 6(30) 3(30) 3(27) 12(29) C C
Pain when standing for a long period 6(30) 4(40) 2(18) 12(29) C
Pain when walking for a long period 5(25) 4(40) 2(18) 11(27) C
Pain when sitting down for a long period 0(0) [0, 0] 5(50) [19, 81] 5(45) [16, 74] 10(24)
Pain when carrying heavy things 2(10) 2(20) 4(36) 8(20)
Night pain 5(25) 1(10) 1(9) 7(17) C C C
Pain when rising from sitting or
squatting for a long period
3(15) 2(20) 1(9) 6(15) C
Pain when squatting down 1(5) 2(20) 2(18) 5(12)
Pain when getting off a bus 2(10) 1(10) 0(0) 3(7)
Pain when walking on uneven ground 3(15) 0(0) 0(0) 3(7)
Pain when walking too fast 2(10) 0(0) 0(0) 2(5)
Pain when getting on a bus 1(5) 0(0) 1(9) 2(5)
Pain when doing exercises 1(5) 1(10) 0(0) 2(5)
Pain when standing up immediately
after getting up in the morning
1(5) 1(10) 0(0) 2(5)
Pain when walking immediately
after sitting for a long period
1(5) 0(0) 0(0) 1(2)
Pain when bending 0(0) 0(0) 1(9) 1(2) C
Pain when kneeling 0(0) 0(0) 1(9) 1(2)
Pain when lying down 0(0) 0(0) 1(9) 1(2) C C
Domain: Physical disability (nZ 26)
Going down stairs 11(55) 4(40) 7(64) 22(54) C C C
Squatting down 13(65) [44, 86] 3(30) [2, 58] 5(45) [16, 74] 21(51) C C
Going up stairs 8(40) 6(60) 6(55) 20(49) C C C
Rising from a low chair 10(50) 5(50) 5(45) 20(49) C C
Bending 6(30) 4(40) 5(45) 15(37) C
Walking 3(15) [0, 31] 7(70) [42, 98] 4(36) [8, 64] 14(34) C C C
Standing for a long period 6(30) 3(30) 5(45) 14(34)
Getting off a bus/taxi 7(35) 2(20) 5(45) 14(34) C C
Getting on a bus/taxi 5(25) 4(40) 4(36) 13(32) C C
Carrying heavy things 6(30) 3(30) 3(27) 12(29)
Walking for a long period 3(15) 4(40) 4(36) 11(27)
Rising from squatting for a long period 7(35) [14, 56] 1(10) [0, 29] 0(0) [0, 0] 8(20)
Walking after a period of inactivity 6(30) [10, 50] 0(0) [0, 0] 2(18) [0, 41] 8(20)
Need walking aids 3(15) 2(20) 2(18) 7(17) C
Housekeeping activities 2(10) 2(20) 2(18) 6(15) C C
Traveling 4(20) 0(0) 1(9) 5(12)
Kneeling down 1(5) 1(10) 3(27) 5(12) C
Sitting for a long period 0(0) [0, 0] 1(10) [0, 29] 4(36) [8, 64] 5(12)
Sitting on the ground 0(0) [0, 0] 1(10) [0, 29] 4(36) [8, 64] 5(12)
Doing exercises 4(20) 0(0) 0(0) 4(10)
Walking on uneven ground 3(15) 0(0) 0(0) 3(7) C
Limitation of mobility 2(10) 0(0) 1(9) 3(7)
Catching up with others when walking 2(10) 0(0) 0(0) 2(5)
Walking too fast 1(5) 0(0) 0(0) 1(2)
Taking off socks 1(5) 0(0) 0(0) 1(2) C C
Standing on a moving bus 0(0) 0(0) 1(9) 1(2)
Domain: Other symptoms of OA (nZ 8)
Clicking when moving knees 15(75) [56, 94] 9(90) [71, 100] 3(27) [1, 53] 27(66) C
Limping 12(60) [39, 81] 2(20) [0, 45] 5(45) [16, 74] 19(46)
Swelling 7(35) [14, 56] 8(80) [55, 100] 4(36) [8, 64] 19(46) C
Cramps 11(55) 4(40) 3(27) 18(44)
Stiffness 3(15) [0, 31] 2(20) [0, 45] 7(64) [36, 92] 12(29) C C C
Deformity 4(20) 1(10) 2(18) 7(17)
Cracking when moving knees 0(0) 3(30) 0(0) 3(7) C
Hang up when moving knees 0(0) 1(10) 0(0) 1(2) C
Domain: Mental health (nZ 14)
Sad 1(5) [0, 15] 2(20) [0, 45] 6(55) [26, 84] 9(22)
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of differing importance could improve the sensitivity and
comprehensiveness of HRQoL measurement within the
ethnic group where these items are important. However,
as only a few items of differing importance were identiﬁed
within each domain, these differences could represent ei-
ther chance variation or real ethnic differences. It is likely
that at least some of these observations represent real eth-
nic differences. For example, Indian subjects often sit on the
ground to pray in a temple for a period of time. However, it
was difﬁcult for subjects with knee OA to perform this activ-
ity, and they had to sit in a chair to pray instead. As a result,
they more often reported difﬁculty when sitting on the
ground for a long time as important. This may also have im-
pacted their mental health because praying can be an im-
portant component in their daily lives as reﬂected by the
fact that several Indian subjects also reported concerns
about the impact of knee OA on religious activities. Similarly,
the majority of Malay subjects (who also kneel to pray) also
reported the impact of knee OA on religious activities as im-
portant, although only one of them indicated difﬁculty in
praying due to physical disability.
Among selected commonly used OA-speciﬁc HRQoL in-
struments, the KOOS, WOMAC, and LAI cover three (pain,
physical disability, and other symptoms of OA) of the ﬁve do-
mains identiﬁed in this study. The KOOSencompassesmore
items identiﬁed as important across all three ethnic groups in
this study than the WOMAC or LAI does. This is not surpris-
ing, given that the KOOS incorporates the WOMAC and has
the highest number of items among the three instruments,
and thus also is the longest of the three instruments.
We recognize several limitations of this study. First, al-
though we had planned focus groups based on gender, eth-
nicity, and language spoken32 and were generally
successful in implementing this plan, we were unable to re-
cruit enough subjects for separate Malay and Indian male
groups despite extensive efforts. This may have inﬂuenced
the interaction (and thus the results obtained) in this group.
Second, we did not control for certain characteristics (e.g.,
age and severity of OA, hospital vs community based
care) which would increase homogeneity within each group,
because this would have necessitated conducting an un-
manageably large number of focus groups. Third, we empir-
ically selected a clinically important difference of 30% as
a cutoff point to differentiate the importance of an item be-
tween ethnic groups. However, this reﬂects a pragmatic
compromise between avoiding identiﬁcation of false posi-
tives and constraints imposed by relatively small number
of subjects studied in qualitative research involving focus
groups, and should therefore be regarded as exploratory.
Notably, some items less frequently reported as important
may still be relevant as they may reﬂect the experience of
subjects under certain circumstances17.
In conclusion, we identiﬁed ﬁve HRQoL domains and a va-
riety of items within each domain which were important in
Chinese, Malay, and Indian subjects, representing three ma-
jor ethnic groups worldwide. We also identiﬁed similarities
and differences among these ethnic groups in the impor-
tance of some of these domains and items. These results
conﬁrm that the impact of kneeOA on HRQoL is broadly sim-
ilar in both Asian and Western socio-cultural contexts, sup-
port the use of currently available HRQoL instruments in
these socio-cultural contexts, and provide an additional in-
depth picture of the impact of kneeOA onHRQoL of patients.
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Afraid of stairs 4(20) 2(20) 2(18) 8(20)
Fear of falling 2(10) 2(20) 4(36) 8(20)
Hopeless 3(15) 2(20) 2(18) 7(17)
Anxious/worried 1(5) [0, 15] 0(0) [0, 0] 5(45) [16, 74] 6(15)
Depressed 2(10) 1(10) 2(18) 5(12)
Dependent 1(5) 1(10) 3(27) 5(12)
Sleepless 1(5) 1(10) 2(18) 4(10)
Irritable 2(10) 1(10) 0(0) 3(7)
Disturbed 0(0) 0(0) 3(27) 3(7)
Frustrated 0(0) 1(10) 1(9) 2(5)
Lack of self-conﬁdence 0(0) 0(0) 2(18) 2(5)
Reduced concentration 1(5) 0(0) 0(0) 1(2)
Impact on thinking 0(0) 1(10) 0(0) 1(2)
Domain: Social health (nZ 5)
Impact on religious activities 0(0) [0, 0] 6(60) [30, 90] 3(27) [1, 53] 9(22)
Impact on work 1(5) 3(30) 2(18) 6(15)
Impact on relations with friends 2(10) 0(0) 1(9) 3(7)
Complaints from spouse 1(5) 2(20) 0(0) 3(7)
Complaints from family 2(10) 0(0) 0(0) 2(5)
*Items within each domain are ranked by frequency of occurrence among all subjects.
yOnly the 95% CIs of those items with 30% or more differences among ethnic groups are listed.
zThe numbers of items from these instruments not reported by the participants as important are as follows: WOMAC (nZ 10, from the fol-
lowing WOMAC domains: pain (nZ 1), physical functioning (nZ 8), and stiffness (nZ 1)) and KOOS (nZ 21, from the following KOOS do-
mains: pain (nZ 6), physical functioning (nZ 10), stiffness (nZ 1), and symptoms (nZ 4)). All items in the LAI were reported as important by
participants in this study.
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Objectives: To determine the extent to which health items identified from the perspective of patients with
knee osteoarthritis can be linked with the International Classification of Functioning, Disability and Health
(ICF); and to evaluate critically the content validity of ICF comprehensive and brief core sets for
osteoarthritis.
Methods: Items identified from a focus group study were linked independently by two researchers based
on the 10 a priori linking rules. Both percentage agreement and k statistics were calculated to measure
interobserver agreement. Any disagreements were resolved by reaching a consensus among the
researchers. The categories linked with all items were compared with the comprehensive core set, while the
categories linked with those items reported as important by over 30% of subjects within each of three local
ethnic groups (Chinese, Malay, and Indian) were compared with the brief core set. Both comparisons were
made only at the second level of the ICF.
Results: In all, 74 items were linked with 44 different ICF categories through 105 linkages with generally
good interobserver agreement. The 69 items were linked with the ICF at the third or fourth levels. Both
commonalities and disparities were found through comparison between the categories linked with these
items and both core sets.
Conclusions: All items could be successfully linked with the ICF. The comprehensive core set showed good
content validity, while the brief core set needs to be supported by more empirical evidence in various
sociocultural contexts. This study specifically complemented the development and refinement of both core
sets from the perspective of patients with knee osteoarthritis.
O
steoarthritis is one of the commonest chronic diseases
and imposes a significant burden on both individuals
and society as a whole.1 Thus, many health status
measures are available to assess the impact of the disease,
either generically or specifically.2 These measures were
developed in different sociocultural backgrounds and vary
in the breadth and depth of health domains and items
covered. However, it has been recognised that the importance
of these domains and items varies with the sociocultural
context.3 There remains a need to map the impact of
osteoarthritis in different contexts on a common rubric or
framework, to facilitate our understanding of the impact of
this disease worldwide.
The International Classification of Functioning, Disability
and Health (ICF), approved by the World Health
Organisation (WHO) in 2001, is one such globally agreed
framework and standard classification system for multi-
dimensional health related domains with quantifiable assess-
ments.4 These domains consist of body functions, body
structure, activities and participation, and environmental
factors, which cover different perspectives including biologi-
cal, individual, and societal. Thus this classification system
has been applied to many sectors such as clinical research5 6
and policy management.7 8 As the ICF aims to describe the
health states of all people irrespective of kinds and levels of
their health conditions (that is, no separate group for
physical and mental conditions, or disabled and non-disabled
populations), it can be used as a cardinal reference for
existing health status measures and thus allows comparison
and evaluation of the performance of these measures across
studies, across diseases, and across countries, provided that
these measurements can be successfully linked with the ICF.4
As the ICF tends to cover a wide range of information on
health and health related states, it has to be tailored to use
for a specific condition, a process which involves the use of
ICF comprehensive and brief core sets.9 Recently, a series of
ICF core sets was identified to characterise the specific
problems encountered by patients with 12 chronic diseases,
including osteoarthritis.10 The ICF comprehensive core set for
a specific condition is a list of ICF categories that depict the
typical spectrum of problems in functioning of patients with
that condition, while the ICF brief core set is a list of ICF
categories that are as short as possible and are reported in
every clinical study to describe the burden of that condition
in a comparable way across studies.10 These ICF core sets
were identified through a formal decision making and
consensus process integrating evidence from Delphi exercise
with experts,11 systematic review of clinical trials representing
the view of researchers,12 and empirical data from patients
using the ICF checklist.6 13 There are several concerns
regarding the methods used to derive these core sets. First,






information obtained from the perspective of patients was
limited by using structured questions based on the ICF
itself.13 It is likely that some problems of importance to
patients might be omitted if these were not covered in the
ICF checklist, while some less important problems may be
included in these core sets. Second, the representativeness of
patients in the empirical studies might be limited as all of
them were recruited from western Europe.6 13 Thus it high-
lights the need to evaluate the ICF core sets from the
perspective of patients in various sociocultural contexts by
using open ended questions to allow patients ample
opportunity to share their ideas without any outside
influences and constraints.
The issues of which specific items should be used to
measure the impact of osteoarthritis on patients and the
methodological concerns regarding derivation of the ICF core
sets need to be resolved before they can be more widely used.
We addressed these issues using data from a qualitative focus
group study in patients with knee osteoarthritis. This focus
group study identified a pool of items of importance for
patients from three major ethnic groups (Chinese, Malays,
and Indians) sharing a common sociocultural context in
Singapore, which allowed for subsequent critical evaluation
of the ICF core sets in an Eastern sociocultural context.
Specifically, we aimed to link each item with the ICF based
on a priori linking rules, to determine the extent to which
these items can be linked with the ICF; and to evaluate
critically the content validity of the ICF comprehensive and
brief core sets for osteoarthritis.
METHODS
We conducted a qualitative focus group study among
Singaporean patients with knee osteoarthritis.
Patients
Subjects were recruited from databases maintained by the
Departments of Rheumatology and Immunology and
Orthopaedic Surgery in the Singapore General Hospital, a
tertiary referral hospital in Singapore. All subjects were
diagnosed with knee osteoarthritis by their attending
rheumatologist or orthopaedic surgeon, based on clinical
and radiographic features, and had not undergone knee
surgery at the time of focus group attendance. Written
informed consent was obtained from participating subjects
for this institutional review board approved study.
Sample size
We planned the number and composition of focus groups in
this study based on sex, ethnicity, and language spoken.
Ideally, there would be thus four focus groups for each ethnic
group (English speaking men and women, and native
language speaking men and women). We were able to
conduct these planned focus groups with the exception of
those for Malay and Indian men, because we could not
identify a large enough number of Malay and Indian men
with knee osteoarthritis despite intensive efforts. We also
limited the group size to between three and six subjects in
order to allow each subject ample opportunity to share their
ideas while allowing a diversity of opinions.14
Focus group discussion
We followed the focus group procedure recommended by
Kreuger.14 One experienced moderator who was fluent in the
language in which the focus group was conducted led each
focus group, with the assistance of two note takers. An open
ended question was asked: ‘‘What are the most important
ways osteoarthritis has affected your life in your own
experience?’’ In each focus group, the moderator repeatedly
emphasised that the topic of the discussion was the impact of
osteoarthritis per se. Each focus group lasted approximately
two hours. All focus groups were audio taped and transcribed
verbatim, with subsequent translation into English for
groups conducted in Chinese, Malay, or Tamil.
Focus group data analysis
Transcripts were analysed, based on the key elements of
grounded theory and content analysis15 16 with the assistance
of the qualitative software ATLAS/ti 5.0 (Scientific Software
Development, Berlin, Germany). Specifically, open coding
and axial coding were used to identify items and domains.
The theoretical sampling technique was then conducted by
comparing items and domains, identifying the gaps among
them, and purposely collecting the data from the transcripts
to fill in these gaps. This process of data analysis ended when
no new data emerged which fitted into the already identified
items and domains after serial review of the transcripts (that
is, ‘‘saturation’’). Finally, based on the content analysis, we
calculated the percentage of subjects within each ethnic
group who indicated that a given item or domain was
important.
Linking to the ICF
The ICF consists of four components—namely, body func-
tions (b), body structure (s), activities and participation (d),
and environmental factors (e). In the ICF code system, the
letters (b, s, d, and e) refer to these corresponding
components in this classification system, and are followed
by a numerical code starting with the first level (one digit),
the second level (two digits), the third level, and the fourth
level (one digit each). The description becomes more specific
the higher the level. For example, the body functions
component contains the following codes with different levels:
N b Body functions (component)
N b2 Sensory functions and pain (level 1)
N b280 Sensation of pain (level 2)
N b2801 Pain in body part (level 3)
N b28011 Pain in chest (level 4)
The items identified from the focus group study were
separately linked by two researchers (FX and SCL) who are
familiar with the ICF by a self taught curriculum based on
the 10 a priori linking rules which have been specifically
developed and tested to be reliable.17 Any disagreements were
resolved by reaching a consensus among three researchers
(FX, SCL, and JT). The ICF categories linked with the items
were compared with the ICF comprehensive core set for
osteoarthritis. Those items reported by over 30% of subjects
within a given ethnic group were empirically considered as
commonly important for patients in that ethnic group; they
were thus compared with the ICF brief core set for
osteoarthritis. As no published study are available to aid
the selection of a cut off point, the value of 30% was
specifically chosen by recognising that a higher cut off point
(for example, 45%) would generate very few items, which
makes the comparison meaningless, while lower cut off point
(for example, 20%) would include almost all the items, which
would mask the potential ethnic variations. As the core sets
for osteoarthritis were developed only at the second level of
the ICF, for those categories linked with the items at the third
or fourth level the comparisons were made only at the second
level to which these categories belong.
Statistical analysis
Percentage agreements between two researchers were calcu-
lated for all linkages as a whole, as well as for the linkages
made at each level within each component of the ICF. As the
percentage agreement cannot measure the magnitude of
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Table 1 Linkage between patient reported items and corresponding ICF categories
Domain/items ICF code and title
Pain (n = 21)
Every item in this domain b28016 Pain in joints
Relief of pain b28016 Pain in joints
Pain when walking d4509 Walking, unspecified
Pain when going up stairs d4551 Climbing
Pain when going down stairs d4551 Climbing
Pain when standing for a long period d4154 Maintaining a standing position
Pain when walking for a long period d4508 Walking, other specified
Pain when sitting down for a long period d4153 Maintaining a sitting position
Pain when carrying heavy things d4308 Lifting and carrying, other specified
Night pain b28016 Pain in joints
Pain when rising from sitting or squatting for a long period d4101 Squatting
d4103 Sitting
Pain when squatting down d4101 Squatting
Pain when getting off a bus d4551 Climbing
Pain when walking on uneven ground d4502 Walking on different surfaces
Pain when walking too fast d4508 Walking, other specified
Pain when getting on a bus d4502 Walking on different surfaces
Pain when doing exercises b729 Functions of joints and bones, other specified and unspecified
Pain when standing up immediately after getting up in the morning d4100 Lying down
d4104 Standing
Pain when walking immediately after sitting for a long period d4103 Sitting
d4153 Maintaining a sitting position
d4509 Walking, unspecified
Pain when bending d4105 Bending
Pain when kneeling d4102 Kneeling
Pain when lying down d4100 Lying down
Problems and difficulties in mobility and self care (n = 26)
Going down stairs d4551 Climbing
Squatting down d4101 Squatting
Going up stairs d4551 Climbing
Rising from a low chair d4103 Sitting
Bending d4105 Bending
Walking d4509 Walking, unspecified
Standing for a long period d4154 Maintaining a standing position
Getting off a bus/taxi d4551 Climbing
Getting on a bus/taxi d4502 Walking on different surfaces
Carrying heavy things d4308 Lifting and carrying, other specified
Walking for a long period d4508 Walking, other specified
Rising from squatting for a long period d4101 Squatting
d4151 Maintaining a squatting position
Walking after a period of inactivity d4158 Maintaining a body position, other specified
d4509 Walking, unspecified
Need walking aids e1201 Assistive products and technology for personal indoor and outdoor mobility and
transportation
Housekeeping activities d649 Household tasks, other specified and unspecified
Travelling d489 Moving around using transportation, other specified and unspecified
Kneeling down d4102 Kneeling
Sitting for a long period d4153 Maintaining a sitting position
Sitting on the ground d4103 Sitting
Doing exercises b729 Functions of joints and bones, other specified and unspecified
Walking on uneven ground d4502 Walking on different surfaces
Limitation of mobility d499 Mobility, unspecified
Catching up with others when walking d4508 Walking, other specified
Walking too fast d4508 Walking, other specified
Taking off socks d5408 Dressing, other specified
Standing on a moving bus d4154 Maintaining a standing position
d4702 Using public motorised transportation
Other symptoms of OA (n = 8)
Clicking when moving knees b7100 Mobility of a single joint
s75011 Structure of knee joint
Limping d4508 Walking, other specified
Swelling s75011 Structure of knee joint
Cramps b28015 Pain in lower limb
b7650 Involuntary contractions of muscles
Stiffness b7808 Sensations related to muscles and movement functions, other specified
Deformity s75019 Structure of lower leg, unspecified
Cracking when moving knees b7100 Mobility of a single joint
s75011 Structure of knee joint
Hang up when moving knees b7108 Mobility of joint functions, unspecified
Mental health (n = 14)
Sad b1528 Emotional functions, other specified
Afraid of stairs b1528 Emotional functions, other specified
Fear of falling b1528 Emotional functions, other specified
Hopeless b1265 Optimism
Anxious/worried b1528 Emotional functions, other specified
Depressed b1528 Emotional functions, other specified
Dependent d599 Self-care, unspecified
Sleepless b1348 Sleep functions, other specified
Irritable b1263 Psychic stability
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agreement exceeding chance level, Cohen’s k statistic was
also used to evaluate the chance corrected agreement
accordingly.18 19 The k statistic ranges from 21.0 to 1.0.
Positive values indicate level of agreement higher than
expected by chance while negative values demonstrate level
of agreement lower than expected by chance18; k values of
0.61 to 0.80 have been considered as good levels of
agreement, and over 0.81 as almost perfect.19 Both percentage




Forty one subjects participated in one of nine focus groups
conducted from August to November, 2004. Four groups were
conducted in ethnic Chinese (separate groups for English and
Chinese speaking men and women), two in ethnic Malay
women (separate groups for English and Malay speakers),
two in ethnic Indian women (separate groups for English and
Tamil speakers), and one in Malay and Indian men
(conducted in English). The median number of subjects
was four persons per group (range three to six) with a
median age of 64 years (range 41 to 84). Most subjects were
married (66%), had received between seven and 10 years of
education (53%), were retired or as homemakers (76%), and
were diagnosed with comorbidities (73%).
The ICF categories linked
Seventy four items identified as important by subjects in the
focus group study were linked with 44 different categories of
the ICF through a total of 105 linkages (as some items were
linked with more than one category). Of the 74 items, five,
43, and 26 were linked at the second, third, and fourth levels,
respectively. Of the 26 items linked at the fourth level, 21
were concurrently linked with different categories at the
third level and one (pain when doing exercise) with different
categories at the second level (table 1).
Details of linkages are shown in table 1 and summarised as
follows:
N Pain: 21 items were linked with two different categories in
body functions and 13 in activities and participation.
N Problems and difficulties in mobility and self care: 26 items were
linked with 17 different categories in activities and
participation and one each in body functions and
environmental factors.
N Other symptoms of osteoarthritis: eight items were linked with
five different categories in body functions, two in body
structure, and one in activities and participation.
N Mental health: 14 items were linked to seven different
categories in body functions and one in activities and
participation.
N Social health: five items were linked with five different
categories in activities and participation and one in
environmental factors.
Interobserver agreement of linkage at various ICF
levels
For the 105 linkages, the percentage agreement between two
researchers exceeded 95% at all levels with the exception of
the second and third levels of body function categories,
where the agreement was 88% and 78%, respectively (table 2).
Similarly, the k statistic exceeded 0.90 at all levels with the
Domain/items ICF code and title
Disturbed b1263 Psychic stability
Frustrated b1528 Emotional functions, other specified
Lack of self confidence b1266 Confidence
Reduced concentration b1400 Sustaining attention
Impact on thinking b1609 Thought functions, unspecified
Social health (n = 5)
Impact on religious activities d9300 Organised religion
Impact on work d8509 Remunerative employment, unspecified
Impact on relations with friends d7500 Informal relationships with friends
Complaints from spouse d7701 Spousal relationships
e410 Individual attitudes of immediate family members
Complaints from family d7609 Family relationships, unspecified
e410 Individual attitudes of immediate family members
ICF: International Classification of Functioning, Disability and Health; OA, osteoarthritis.
Table 1 Continued
Table 2 Degree of interobserver agreement
Component 1st Level 2nd Level 3rd Level 4th Level
Percentage agreement 95 (105)
Body functions 100 (42) 88 (42) 78 (40*) 100 (22*)
Body structure 100 (4) 100 (4) 100 (4) 100 (4)
Activities and participation 100 (54) 95 (54) 96 (49)
Environmental factors 100 (3) 100 (3) 100 (3)
Mean 100 96 94 100
Kappa statistic 0.97 (105)
Body functions 1.00 (42) 0.83 (42) 0.66 (40*) 1.00 (22*)
Body structure 1.00 (4) 1.00 (4) 1.00 (4) 1.00 (4)
Activities and participation 1.00 (56) 0.93 (54) 0.96 (49)
Environmental factors 1.00 (3) 1.00 (3) 1.00 (3)
Mean 1.00 0.94 0.91 1.00
The number in parenthesis is the number of linkages made at each level within the corresponding category.
*Two linkages were made only at the second level and 18 only at the third level.
Two linkages were made differently at the component level and five only at the second level.
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Table 3 Comparison between second level categories linked with patient reported items and the ICF comprehensive and brief
core sets for osteoarthritis
ICF code Title








(n = 41)Comprehensive Brief
Body functions
b126 Temperament and personality functions 2 2 2 2 2 +
b130 Energy and drive functions + 2 2 2 2 2
b134 Sleep functions + 2 2 2 2 +
b140 Attention functions 2 2 2 2 2 +
b152 Emotional functions + 2 2 2 + +
b160 Thought functions 2 2 2 2 2 +
b280 Sensation of pain + + + + + +
b710 Mobility of joint functions + + + + 2 +
b715 Stability of joint functions + 2 2 2 2 2
b720 Mobility of bone functions + 2 2 2 2 2
b729 Functions of joints and bones, other specified and
unspecified 2 2 2 2 2 +
b730 Muscle power functions + + 2 2 2 2
b735 Muscle tone functions + 2 2 2 2 2
b740 Muscle endurance functions + 2 2 2 2 2
b760 Control of voluntary movement functions + 2 2 2 2 2
b765 Involuntary movement functions 2 2 + + 2 +
b770 Gait pattern functions + 2 2 2 2 2
b780 Sensations related to muscles and movement functions + 2 2 2 + +
Body structure
s720 Structure of shoulder region + 2 2 2 2 2
s730 Structure of upper extremity + + 2 2 2 2
s740 Structure of pelvic region + 2 2 2 2 2
s750 Structure of lower extremity + + + + + +
s770 Additional musculoskeletal structures related to movement + + 2 2 2 2
s799 Structure related to movement, unspecified + 2 2 2 2 2
Activities and participation
d410 Changing basic body function + 2 + + + +
d415 Maintaining a body position + 2 + + + +
d430 Lifting and carrying objects + 2 + + + +
d440 Fine hand use + 2 2 2 2 2
d445 Hand and arm use + + 2 2 2 2
d450 Walking + + + + + +
d455 Moving around + 2 + + + +
d470 Using transportation + 2 2 2 2 +
d475 Driving + 2 2 2 2 2
d489 Moving around using transportation, other specified and
unspecified 2 2 2 2 2 +
d499 Mobility, unspecified 2 2 2 2 2 +
d510 Washing oneself + 2 2 2 2 2
d530 Toileting + 2 2 2 2 2
d540 Dressing + + 2 2 2 +
d599 Self care, unspecified 2 2 2 2 2 +
d620 Acquisition of goods and services + 2 2 2 2 2
d640 Doing housework + 2 2 2 2 2
d649 Household tasks, other specified and unspecified 2 2 2 2 2 +
d660 Assisting others + 2 2 2 2 2
d750 Informal social relationships 2 2 2 2 2 +
d760 Family relationships 2 2 2 2 2 +
d770 Intimate relationships + 2 2 2 2 +
d850 Remunerative employment + 2 2 + 2 +
d910 Community life + 2 2 2 2 2
d920 Recreation and leisure + 2 2 2 2 2
d930 Religion and spirituality 2 2 2 + 2 +
Environmental factors
e110 Products or substances for personal consumption + 2 2 2 2 2
e115 Products and technology for personal use in daily living + + 2 2 2 2
e120 Products and technology for personal indoor and outdoor
mobility and transportation + 2 2 2 2 +
e135 Products and technology for employment + 2 2 2 2 2
e150 Design, construction and building products and technology
of buildings for public use + + 2 2 2 2
e155 Design, construction and building products and technology
of buildings for private use + 2 2 2 2 2
e225 Climate + 2 2 2 2 2
e310 Immediate family + + 2 2 2 2
e320 Friends + 2 2 2 2 2
e340 Personal care providers and personal assistants + 2 2 2 2 2
e355 Health professionals + 2 2 2 2 2
e410 Individual attitudes of immediate family members + 2 2 2 2 +
e450 Individual attitudes of health professionals + 2 2 2 2 2
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exception of the second and third levels of body function
categories, where the it was 0.86 and 0.66, respectively.
Comparison with the ICF Comprehensive core set for
osteoarthritis
As shown in table 3, of the 29 different second level ICF
categories linked with these items, 17 are included in the ICF
comprehensive core set,20 of which five are from body
functions, one from body structure, nine from activities and
participation, and two from environmental factors. In
contrast, 12 categories identified as important by patients
in the focus group study are not covered by this core set, of
which five are from the body functions component (b126,
b140, b160, b729, and b765) and seven from the activities
and participation component (d489, d499, d599, d649, d750,
d760, and d930).
Comparison with the ICF brief core set for
osteoarthritis
As shown in table 3, nine second level ICF categories were
linked with the items reported as important by over 30% of
Chinese subjects who participated in the focus group study,
of which only four categories are covered by the brief core set.
Similarly, nine second level categories (differing somewhat
from those in Chinese) were linked with items reported as
important by over 30% of Indian subjects, of which only three
are included in the brief core set. In contrast, 11 second level
ICF categories were linked with the items reported as
important by over 30% of Malay subjects, of which only four
are included in the brief core set. Notably, the three items
linked with the categories within the component of environ-
mental factors were reported as important by less than 30%
of subjects across all three ethnic groups.
DISCUSSION
This study showed that all 74 items reported as important by
subjects with knee osteoarthritis in a focus group study could
be successfully linked with at least one category of the ICF
with generally very good interobserver agreement. The
majority of the items (69 of 74) could be linked at the third
or fourth levels (that is, highly specific). To the best of our
knowledge, this is the first such study in Asia. The findings
show that all of the items reported by patients with knee
osteoarthritis can be mapped to the standardised, widely
accepted rubric of the ICF. This raises the exciting and useful
possibility of comparing health related quality of life
measures using the ICF as a rubric, especially in situations
where different instruments are used in different socio-
cultural contexts. Our findings also provide some insight into
the ICF core sets for osteoarthritis from the perspective of
patients. First, it is of note that the core sets for osteoarthritis
did not capture several categories linked with items of
importance for one or more ethnic groups in Singapore. A
similar finding has recently been reported in a validation
study of ICF core set for rheumatoid arthritis.21 This is not
surprising as most of the experts and all the patients involved
in developing the core sets are from western Europe. Some
disparities would be expected between Eastern and Western
patients’ preference for the ICF core sets owing to geographic
and cultural differences, as has been the case with other
chronic conditions.11 A good example in this study is that
religion and spirituality (d930) linked with the item reported
as important by 60% of Malay subjects (who are all
Muslims), which was not covered by the comprehensive core
set. This underscores the importance of including input from
patients from different sociocultural contexts to improve the
coverage (and thus utility) of the ICF core sets. Second, as
shown in table 2, 69 of 74 items were linked with the ICF at
the third or fourth level. This may complement the
development of both core sets for osteoarthritis which are
developed only at the second level of the ICF towards the
direction of the third level (that is, highly specific). This may
also increase the sensitivity in global comparison. For
example, although walking (linked with d450) is important
for all ethnic groups and is included in the core sets, after
examining the data we found walking after a period of
inactivity (linked with d4509) was of more concern for
Chinese subjects, while getting on a bus (linked with d4502)
and walking for a long period (linked with d4508) were of
more concern to Malay and Indian subjects. This raises the
issue that some important information might be lost if
comparisons are made only at the second level.
The comprehensive core set for osteoarthritis has shown
good content validity as it includes 17 second level categories
linked with the items reported by subjects with knee
osteoarthritis. Although there remain 12 different second
level categories linked with the items that are not covered by
the core set, this observation does not reduce the validity of
the comprehensive core set, for several reasons. First, among
the 12 categories, five are related to the ‘‘unspecified’’ option
in the ICF, where the contents of the items linked with these
categories are more general, with related aspects of the
concept incorporated in one or more other ICF categories (for
example, doing exercise). However, this may also suggest
that descriptors under some categories of the ICF may need
to be refined and detailed so that linkage can be made in a
more precise and accurate way. Second, most of these
categories (for example, b126, b140, b160, d750, and d760),
although not captured by the comprehensive core set, were
reported by only a few subjects, and are all related to mental
and social functions. They may thus not be generalisable to
other patients with osteoarthritis unless they are reported by
patients in additional studies.
Several categories identified as important by subjects in all
ethnic groups were not included in the current ICF brief core
set for osteoarthritis. These categories include changing basic
body position (d410), maintaining a body position (d415),
lifting and carrying objects (d430), and moving around
(d455), and were linked with items reported as important by
over 30% of subjects across all three ethnic groups (table 3).
As these categories are closely related to the common daily
activities, they are expected to be important for most patients
ICF code Title








(n = 41)Comprehensive Brief
e460 Societal attitudes + 2 2 2 2 2
e540 Transportation services, systems and policies + 2 2 2 2 2
e575 General social support services, systems and policies + 2 2 2 2 2
e580 Health services, systems and policies + + 2 2 2 2
CH, Chinese; ICF, International Classification of Functioning, Disability and Health; IN = Indian; MA, Malay; OA, osteoarthritis; +, the ICF codes are included in the
corresponding category; 2, the ICF codes are not included in the corresponding category.
*Categories reported by over 30% of subjects within the corresponding ethnic group; categories reported by at least one subject in the focus group study.
Table 3 Continued
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with osteoarthritis despite geographical and cultural differ-
ences. If this observation is confirmed in similar studies
carried out in a wide range of sociocultural contexts (for
example, Africa, Latin America), these categories could be
considered for inclusion in a revised version of the brief core
set for osteoarthritis.
We recognise several limitations in this study. First, the
environmental factor is specifically included in both core sets
as it is conceived that a person’s functioning and disability
are a dynamic interaction between health condition and
contextual factors. However, these factors did not receive too
much attention from subjects in this focus group study. The
possible reason might be we did not explicitly ask patients to
report possible environmental factors which might be
important for them throughout the focus group discussion.
Nevertheless, the impact of these external factors on a patient
could be either positive or negative.22 Thus, it will be worth
noting the important role of environmental factors as a two
edged sword on the outcome of treatment and rehabilitation
of patients with osteoarthritis and other chronic diseases in
clinical practice. Second, only patients with knee osteoar-
thritis were studied, which may explain why a number of
categories in the both core sets could not be linked with items
reported as important by patients. This highlights the
importance of including patients with other types of
osteoarthritis (for example, hip, hand, and spine) in such
studies to evaluate the ICF core sets for osteoarthritis more
comprehensively,
Conclusions
All items reported as important by subjects with knee
osteoarthritis in a focus group study could be successfully
linked with the ICF. The ICF comprehensive core set showed
good content validity, while the brief core set needs to be
supported by more empirical evidence in various socio-
cultural contexts. This is the first such study in Asia. This
study specifically complemented the development and
refinement of both core sets from the perspective of patients
with knee osteoarthritis. Future studies from the perspective
of health care professionals and by employing widely used
generic and osteoarthritis specific instruments for compre-
hensive evaluation of the core sets are in progress.
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Appendix DCross-cultural adaptation and validation of Singapore English and
Chinese versions of the Knee injury and Osteoarthritis Outcome
Score (KOOS) in Asians with knee osteoarthritis in Singapore
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Summary
Objective: To cross-culturally adapt and validate Singapore English and Chinese versions of the Knee injury and Osteoarthritis Outcome
Score (KOOS) in patients with knee osteoarthritis (OA) in Singapore.
Methods: Singapore English and Chinese versions were cross-culturally adapted from the source English KOOS following standard guidelines
(including cognitive debrieﬁng). Patients were asked to complete identical questionnaires containing the KOOS, Short Form 36 Health Survey,
and EQ-5D twice within 6 days. Reliability was assessed using Cronbach’s alpha and intraclass correlation coefﬁcients (ICC), dimensionality
using item-to-domain correlations and convergent and divergent construct validity using 14 and 13 a priori hypotheses, respectively.
Results: Singapore English and Chinese KOOS versions were well accepted by patients in pilot testing and were therefore administered to
a consecutive sample of 127 English and 131 Chinese-speaking Singaporeans with knee OA. Cronbach’s alpha exceeded 0.7 for all domains
except for Chinese pain and symptoms domains. ICC exceeded 0.7 for all domains except for English sport and recreation and Chinese knee-
related QoL domains. Hypothesized item-to-domain correlations (Spearman’s r 0.4) were observed for 38 items in English and 29 in
Chinese versions. Convergent construct validity was supported by the presence of hypothesized moderate/strong correlations
(r¼ 0.37e0.65) for 13 and 11 a priori hypotheses in the English and Chinese KOOS, respectively. Divergent construct validity was supported
by the presence of weak correlations (r¼ 0.02e0.34) for 12 and 11 a priori hypotheses in the English and Chinese KOOS, respectively.
Conclusion: The Singapore English and Chinese KOOS were well accepted and demonstrated acceptable reliability and validity in Asian
patients with knee OA in Singapore.
ª 2006 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Knee osteoarthritis (OA) is one of the commonest forms of
OA in the world. Pain and physical disability, the two main
symptoms of knee OA, have a signiﬁcant impact on
health-related quality of life (HRQoL) of patients1. The
Knee injury and Osteoarthritis Outcome Score (KOOS),
a disease-speciﬁc HRQoL instrument for knee OA, is an ex-
tension of the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) and is designed to assess
HRQoL in younger and/or more active patients with knee in-
juries and knee OA2. Currently, validated versions have
been published for use in Sweden, Germany, and the
United States2e4.098
1099Osteoarthritis and Cartilage Vol. 14, No. 11For a HRQoL instrument to be useful in patients with
a given illness, this instrument should measure domains
and items of health which are important to patients with
this illness. These domains and items of importance may
differ in various socio-cultural contexts. It has recently
been shown that the KOOS assesses many domains and
items of importance for patients with OA in several socio-
cultural contexts5, including that of Asian patients (i.e., Chi-
nese, Malays and Indians) with OA in Singapore6. Given
this, we aimed to cross-culturally adapt and validate Singa-
pore English and Chinese versions of the KOOS in a multi-
ethnic sample of Asian patients with knee OA in Singapore.
The validation of these two versions of the KOOS provides
a necessary foundation for their use among Chinese, Ma-
lay, and Indian subjects with OA in Singapore, and would
support the need for further studies to prove the utility of




Singapore English and Chinese versions of the KOOS
were culturally adapted from the source English version (ver-
sion LK 1.0) following cross-cultural translation and adapta-
tion guidelines recommended by Guillemin et al.7 and with
input from the developer. Brieﬂy, two bilingual translators pro-
ﬁcient in English and Chinese independently translated the
source English version into Chinese and then developed
a reconciled version, which was back translated into English
by another two independent bilingual translators, with further
reﬁnements based on the feedback from back translation
resulting in the consensus Singapore Chinese version.
These versions were used in cognitive debrieﬁng interviews
with ﬁve English and ﬁve Chinese-speaking subjects with
kneeOA, respectively. Both versionswere ﬁnalized after taking
into account the suggestions from subjects and the KOOS




In this Institution Review Board (IRB) approved study,
a consecutive sample of subjects with knee OA scheduled
for total knee replacement (TKR) was recruited from the De-
partment of Orthopaedic Surgery at Singapore General
Hospital, a tertiary referral hospital in Singapore, from Au-
gust to December 2005. All subjects were diagnosed with
knee OA by their attending orthopedic surgeon, based on
clinical and radiographic features. Each subject was inter-
viewed by a trained interviewer in either English or Chinese
using identical, pretested questionnaires containing the
KOOS, Short Form 36 Health Survey (SF-36), and EQ-5D
and assessing socio-demographic data and chronic medi-
cal conditions. To assess testeretest reliability, the KOOS
was administered a second time through a telephone inter-
view after an interval of 6 days.
Instruments
The KOOS, a 42-item disease-speciﬁc HRQoL instru-
ment, consists of ﬁve domains, namely, pain, symptoms,
activities of daily living (ADL), sport and recreation function,
and knee-related quality of life (QoL). It includes theWOMAC (version LK 3.0) in its complete and original
format. The KOOS adopts a ﬁve-point Likert scale scoring
system (ranging from 0 (least severe) to 4 (most severe)).
A normalized score is calculated for each domain with
100 indicating no symptoms and functional impairment
and 0 indicating extreme symptoms and functional impair-
ment. The KOOS users’ guide, including score calculation,
can be downloaded from the Internet8.
The SF-36 is a widely used generic HRQoL instrument
containing 36 items which measure perceived health in
eight domains, namely, physical functioning (PF), role-
physical (RP), bodily pain (BP), general health (GH), vitality
(VT), social functioning (SF), role-emotional (RE), and men-
tal health (MH), with higher scores (range, 0e100) reﬂecting
better perceived health9. English and Chinese versions of
the SF-36 have been validated for use in Singapore10.
The EQ-5D self-report questionnaire (EQ-5D) measures
HRQoL on the day of administration using a self-classiﬁer
and a visual analogue scale (EQ-VAS). The self-classiﬁer
consists of a ﬁve-item descriptive system and assesses
health status in the domains of mobility, self-care, usual ac-
tivities, pain/discomfort, and anxiety/depression, which pro-
duces a utility index based on responses to the classiﬁer11.
The EQ-VAS is a vertical, graduated (0e100 points) 20 cm
‘thermometer’ with 100 representing ‘‘best imaginable
health state’’ and 0 representing ‘‘worst imaginable health
state’’. Again, English and Chinese versions of EQ-5D
have been validated for use in Singapore12,13.
Assessment of psychometric properties
Data were entered into a Microsoft Excel spreadsheet
(Microsoft Corporation, Redmond, WA) and analyzed using
SPSS 13.0 (SPSS Inc., Chicago, IL). In order to allow com-
parisons with previous work, assessment of psychometric
properties of the Singapore English and Chinese KOOS
generally followed the same approach used in the two orig-
inal KOOS validation studies3,14, especially that in subjects
undergoing total knee replacement surgery14, as a similar
population was used in this study. All statistical tests were
two tailed and conducted at a 5% level of signiﬁcance. Inter-
nal consistency reliability was assessed using Cronbach’s
alpha and testeretest reliability using intraclass correlation
coefﬁcients (ICC) (one-way random effects model)15. Cron-
bach’s alpha 0.7 is generally regarded as acceptable for
group comparisons, and 0.9 for individual comparisons,
while an ICC 0.7 is considered acceptable for testeretest
reliability15. Dimensionality was assessed using item-to-
domain correlations (corrected for overlap) for which Spear-
man’s rank correlation (r) between domain scores and their
constituent items with r 0.4 is considered acceptable16.
Construct validity was assessed using Spearman’s rank
correlations to determine the association of KOOS and
SF-36 domains based on the literature14, and EQ-5D do-
mains based on clinical experience. As recommended in
the literature, correlation coefﬁcients of >0.50, 0.35e0.50,
and <0.35 were considered strong, moderate, and weak,
respectively17. Thus, 14 a priori hypotheses were generated
for convergent construct validity where moderate to strong
correlations (i.e., correlation coefﬁcient 0.35) were ex-
pected between domains measuring similar constructs,
namely (1) KOOS pain and symptoms with SF-36 bodily
pain and EQ-5D pain/discomfort; (2) KOOS ADL with SF-
36 physical functioning, EQ-5D mobility and usual activities;
(3) KOOS sport and recreation function with SF-36 bodily
pain; and (4) KOOS QoL with SF-36 physical functioning,
bodily pain, and social functioning and EQ-5D mobility,
1100 F. Xie et al.: Validation of KOOS in Singaporeusual activities, and pain/discomfort. Another 13 a priori hy-
potheses were generated for divergent construct validity
where weak correlations were expected between domains
measuring dissimilar constructs, namely (1) all KOOS do-
mains with SF-36 mental health and EQ-5D anxiety/depres-
sion; and (2) KOOS pain, symptoms, and sport and
recreation function with SF-36 social functioning.
Results
CROSS-CULTURAL ADAPTATION
The Singapore English KOOS is identical to its source
version with the exception of two items. Four of ﬁve
English-speaking subjects participating in the cognitive de-
brieﬁng reported that item 2 in the symptoms domain, ‘‘do
you feel grinding, hear clicking or any other noise when
your knee moves?’’, was difﬁcult to understand as both
‘‘grinding’’ and ‘‘clicking’’ were not felt to be commonly
used terms. Based on subjects’ suggestions, this item
was thus revised as ‘‘do you feel grinding/friction, hear click-
ing/cracking or any other noise when your knee moves?’’.
The third item in the same domain: ‘‘does your knee catch
or hang up when moving?’’ was not clearly understood by
all ﬁve English-speaking subjects and was thus revised to
‘‘does your knee jam or lock when moving?’’. The Singa-
pore Chinese KOOS was well understood by subjects par-
ticipating in the cognitive debrieﬁng and no further changes
were deemed necessary. Both English and Chinese ver-
sions of the KOOS were well accepted in pilot testing and
were thus used in the subsequent validation study.
VALIDATION STUDY
Subject characteristics and KOOS scores
Subjects included 127 English-speaking and 131
Chinese-speaking subjects with knee OA, of whom 47
English-speaking and 55 Chinese-speaking subjects com-
pleted retest interviews after a median of 6 days. Character-
istics of these subjects in each language group are shown in
Table I. The mean age of the subjects was 66 years with the
majority of being female (83%), ethnic Chinese (89%), with
a mean duration of OA of approximately 6 years.There were no missing data for any KOOS item. English
and Chinese versions had similar distributions with minimal
ﬂoor and ceiling effects, with the exception of the sport and
recreation function domain (Table II), where 85 English and
96 Chinese-speaking subjects reported the lowest possible
score for this domain.
Table I
Characteristics of subjects completing the Singapore English and
Chinese KOOS





Mean (SD), age (years) 65.3 (7.9) 67.8 (7.1)
Female 97 (76.4) 116 (88.5)
Ethnicity
Chinese 99 (78.0) 131 (100)
Malay 10 (7.9) 0 (0)
Indian 14 (11.0) 0 (0)
Others 4 (3.1) 0 (0)
Years of education
No formal education 34 (26.8) 73 (55.7)
1e6 44 (34.6) 41 (31.3)
7e10 33 (26.0) 13 (9.9)
>10 12 (9.4) 2 (1.6)
Married 113 (89.0) 122 (93.1)
Retirees/homemakers 103 (81.1) 119 (90.8)
Mean (SD), body
mass index
28.6 (5.4) 27.8 (3.9)
Presence of chronic
medical conditions*
87 (68.5) 89 (67.9)
Mean (SD), duration of OA
(years)
5.9 (5.6) 6.1 (4.7)
Knee scheduled for surgery
Right 75 (59.1) 74 (56.5)
Left 50 (39.4) 56 (42.7)
Both 2 (1.6) 1 (0.8)
*Chronic medical conditions included hypertension (n¼ 143),
back pain (n¼ 37), hyperlipidemia (n¼ 36), diabetes mellitus
(n¼ 29), rheumatoid arthritis (n¼ 27), cardiovascular (n¼ 11) or re-
spiratory diseases (n¼ 5) and other conditions (n¼ 14, including
peptic ulcer disease, anemia, depression, osteoporosis, cancer
and asthma).Table II
Distributions and reliability of KOOS scores*






Singapore English Version (n¼ 127)
Pain 57.0 (16.0) 58.3 (47.2,66.7) 0/0 0.79 0.88
Symptoms 59.8 (19.1) 60.7 (46.4,75.0) 0/0 0.70 0.87
ADL 60.8 (16.9) 64.7 (51.5,73.5) 0/0 0.92 0.91
Sport and recreation function 6.6 (12.2) 0.0 (0.0,10.0) 66.9/0 0.89 0.65
Knee-related QoL 39.6 (18.8) 43.8 (25.0,50.0) 3.1/0 0.74 0.86
Singapore Chinese Version (n¼ 131)
Pain 57.3 (12.9) 58.3 (50.0,66.7) 0/0 0.65 0.87
Symptoms 63.2 (17.8) 64.3 (50.0,75.0) 0/1.5 0.64 0.85
ADL 62.2 (13.0) 61.8 (54.4,72.1) 0/0 0.82 0.84
Sport and recreation function 4.8 (9.4) 0.0 (0.0,5.0) 73.3/0 0.88 0.78
Knee-related QoL 42.9 (19.4) 43.8 (25.0,56.3) 0/1.5 0.71 0.60
SD: standard deviation; a: Cronbach’s alpha; ICC: intraclass correlation coefﬁcient; ADL: activities of daily living; QoL: quality of life.
*Scores for all domains range from 0 to 100, with higher scores indicating worse HRQoL.
yMedian (interquartile range) testeretest interval was 6 (5e6) days.
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How often do you experience knee pain 0.34* 0.22*
Twisting/pivoting on your knee 0.24* 0.12*
Straightening knee fully 0.55 0.51
Bending knee fully 0.42 0.30*
Walking on ﬂat surface 0.48 0.42
Going up or down stairs 0.61 0.42
At night while in bed 0.40 0.44
Sitting or lying 0.48 0.30*
Standing upright 0.46 0.33*
Symptoms
Do you have swelling in your knee 0.45 0.32*
Do you feel grinding/friction, hear
clicking/cracking or any other type
of noise when your knee moves
0.16* 0.14*
Does your knee jam or lock when moving 0.41 0.43
Can you straighten your knee fully 0.57 0.48
Can you bend your knee fully 0.34* 0.40
How severe is your knee joint stiffness
after ﬁrst wakening in the morning
0.47 0.23*
How severe is your knee stiffness after
sitting, lying or resting later in the day
0.56 0.52
ADL
Descending stairs 0.67 0.63
Ascending stairs 0.66 0.63
Rising from sitting 0.69 0.55
Standing 0.66 0.44
Bending to ﬂoor/pick up an object 0.53 0.43
Walking on ﬂat surface 0.64 0.45
Getting in/out of car 0.66 0.59
Going shopping 0.55 0.62
Putting on socks/stockings 0.67 0.48
Rising from bed 0.66 0.44
Taking off socks/stockings 0.65 0.40
Lying in bed 0.43 0.40
Getting in/out of bath 0.52 0.37*
Sitting 0.41 0.17*
Getting on/off toilet 0.42 0.25*
Heavy domestic duties 0.43 0.30*
Light domestic duties 0.57 0.40









How often are you aware of
your knee problem
0.43 0.36*
Have you modiﬁed your life style to
avoid potentially damaging activities
to your knee
0.67 0.55
How much are you troubled
with lack of conﬁdence
in your knee
0.55 0.68
In general, how much difﬁculty do you
have with your knee
0.67 0.55
Correlations were negative as higher item scores reﬂect lower
QoL, while higher domain scores reﬂect higher QoL.
*Indicates an item-to-domain correlation less than 0.40.Assessment of psychometric properties
Internal consistency was acceptable with Cronbach’s al-
pha exceeding the value of 0.70 recommended for group
comparisons for all domains in the English version, and
three of ﬁve domains in the Chinese version. The Chinese
KOOS pain and symptoms domains had scores of 0.65
and 0.64, respectively, which were marginally below the
cutoff value of 0.70. Testeretest reliability was acceptable
with the ICC exceeding the value of 0.70 for four of ﬁve do-
mains in both versions, with the exception of the English
sports and recreation function and the Chinese knee-
related QoL domains, respectively.
Dimensionality was acceptable, with item-to-domain cor-
relations exceeding 0.40 for all KOOS items with the excep-
tion of four English and 13 Chinese version items (Table III).
Of items with coefﬁcients below the cutoff value, two pain
and one symptoms item were found in both versions, with
the remainder differing between versions (Table III).
Construct validity was supported by the data, as summa-
rized in Table IV. Convergent construct validity was demon-
strated by the presence of moderate to strong correlations
for 13 and 11 of 14 a priori hypotheses for the English
and Chinese versions, respectively. Among the hypothe-
ses, which were not supported, correlation coefﬁcients for
the remaining one hypothesis for the English version and
two hypotheses for the Chinese version were marginally be-
low the cutoff value of 0.35 (Table IV). Divergent construct
validity was supported by the presence of weak correlations
for 12 and 11 of 13 a priori hypotheses for the English and
Chinese versions, respectively. Again, among the hypothe-
ses, which were not supported, correlation coefﬁcients for
the one hypothesis for both versions marginally exceeded
the cutoff value of 0.35 (Table IV).
Discussion
In this study, the cross-culturally adapted Singapore En-
glish and Chinese versions of the KOOS were well ac-
cepted and demonstrated acceptable psychometric
properties (including good construct validity) in a multieth-
nic urban population of Asian patients with knee OA in
Singapore. This suggests that both versions are reliable
and valid HRQoL measures in patients with knee OA in
this socio-cultural context. These ﬁndings are important
for several reasons. First, to the best of our knowledge,
this is one of the ﬁrst studies adapting and validating
the English and Chinese KOOS in Asia, and suggests
that this instrument, which assesses many domains and
items of importance for patients with OA in several so-
cio-cultural contexts, is well accepted and valid for use
in at least one Asian socio-cultural context. Second, the
Chinese version showed similar acceptability and psycho-
metric properties to the English version. This is encourag-
ing as Chinese is a pictogram based language, which
differs signiﬁcantly from the alphabet based languages in
which the KOOS was developed. Third, the good patient
acceptance, psychometric properties, and construct valid-
ity of these two versions of the KOOS in Singapore sug-
gest that these and other language versions of the
KOOS could be valid in other Asian socio-cultural contexts
and languages.
Psychometric properties of both Singapore English and
Chinese KOOS versions were generally similar to those
seen with the original KOOS. Cronbach’s alpha and
ICC values demonstrated that both versions are generally
reliable for group comparisons15,18 and were comparable
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Construct validity: correlations between the Singapore English and Chinese KOOS and SF-36 and EQ-5D scores*
Pain Symptoms ADL Sport/recreation QoL
Singapore English KOOS (n¼ 127)
English SF-36
Physical functioning 0.50 0.40 0.65 0.47 0.56
Role-physical 0.23 0.21 0.33 0.25 0.32
Bodily pain 0.37 0.44 0.38 0.31 0.37
General health 0.08 0.10 0.17 0.03 0.07
Vitality 0.22 0.22 0.27 0.11 0.23
Social functioning 0.29 0.36 0.42 0.30 0.46
Role-emotional 0.01 0.14 0.10 0.06 0.12
Mental health L0.05 0.23 0.14 L0.02 0.13
English EQ-5D
Mobility 0.45 0.22 L0.48 0.42 L0.45
Self-care 0.25 0.07 0.36 0.12 0.18
Usual activities 0.46 0.28 L0.60 0.38 L0.54
Pain/discomfort L0.61 L0.60 0.50 0.35 L0.50
Anxiety/depression L0.11 L0.25 L0.29 L0.17 L0.34
Singapore Chinese KOOS (n¼ 131)
Chinese SF-36
Physical functioning 0.48 0.31 0.64 0.24 0.41
Role-physical 0.23 0.18 0.36 0.10 0.34
Bodily pain 0.31 0.43 0.14 L0.04 0.38
General health 0.23 0.27 0.23 0.06 0.28
Vitality 0.26 0.31 0.31 0.01 0.35
Social functioning 0.27 0.43 0.31 0.01 0.58
Role-emotional 0.13 0.17 0.33 0.01 0.18
Mental health 0.30 0.29 0.32 L0.03 0.35
Chinese EQ-5D
Mobility 0.45 0.22 L0.47 0.12 L0.33
Self-care 0.34 0.37 0.39 0.02 0.35
Usual activities 0.45 0.21 L0.33 0.06 L0.37
Pain/discomfort L0.49 L0.54 0.38 0.18 L0.59
Anxiety/depression L0.30 L0.14 L0.25 L0.11 L0.28
*A priori hypotheses are shown for convergent construct validity (bold) and divergent construct validity (bold italics). Hypotheses which were
supported are underlined.with the original KOOS3,14, despite the fact that different
modes of administration were used for test (face to face
interview) and retest (telephone interview) assessments,
which would be expected to slightly reduce the values
of Cronbach’s alpha and ICC. Similarly, dimensionality
was generally supported as the item-to-domain correla-
tions were generally as expected, more so for the English
than the Chinese version (in which more items in the
symptoms and ADL domains correlated weakly with their
hypothesized domains (r¼ 0.12e0.37)). Convergent con-
struct validity was strongly supported by the presence
of hypothesized moderate to strong correlations between
the domains in the KOOS, SF-36 and EQ-5D, which
measured similar constructs. However, the sport and rec-
reation function domain in both versions did not correlate
with SF-36 bodily pain domain as hypothesized. This is
likely to reﬂect the ﬂoor effect seen with scores for this
domain, which in turn is a reﬂection of the study popula-
tion (elderly subjects scheduled for knee replacement sur-
gery). Similarly, divergent construct validity was also
strongly supported as most a priori hypotheses were sup-
ported in this study. Of note, the symptoms domain in
both versions correlated moderately with SF-36 social
functioning, rather than weakly as seen in the original
KOOS validation study14. This may be related to socio-
cultural differences, as we have previously shown that
some Asian OA patients in Singapore have reported that
the impact of OA on social health is important to them6.The performance of individual domains within the same
language version varied to a certain degree. Internal consis-
tency was best for the ADL domain in the English version
and the sport and recreation function domain in the Chinese
version, and worst for the symptoms domain in both ver-
sions. Testeretest reliability was best for the ADL and
pain domains in the English and Chinese versions, respec-
tively, and worst for the sport and recreation function and
knee-related QoL domains in these versions, respectively.
Construct validity was best for the symptoms domain and
worst for the sport and recreation function domain in both
versions.
We recognize several limitations of this study. First, the
unavailability of severity data based on clinical and labora-
tory evidences19 for participating subjects did not allow the
assessment of KOOS scores graded by OA severity, which
might have some impact on the performance of both ver-
sions of the KOOS. Second, subjects in the present study
may not represent the entire spectrum of patients with
knee OA as they were recruited from a tertiary hospital
and were scheduled for TKR, and thus are likely to have
more severe OA. This is reﬂected in the signiﬁcant ﬂoor
effect and lower construct validity observed for the sport
and recreation function domain, which was originally de-
signed for younger and more physically active patients
with knee injuries or knee OA. Notably, a signiﬁcant ﬂoor ef-
fect in this domain was also observed in the original KOOS
study3.
1103Osteoarthritis and Cartilage Vol. 14, No. 11In conclusion, we found that Singapore English and
Chinese versions of the KOOS were well accepted and
demonstrated acceptable psychometric properties in a mul-
tiethnic urban population of Asian patients with knee OA in
Singapore. This study provides a basis for the use of these
versions of the KOOS in Singapore and supports the need
for future studies using these instruments in Singapore and
other Asian countries.
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Summary
Objective: To cross-culturally adapt and validate Singapore English and Chinese versions of the Lequesne Algofunctional Index of knee in
patients with knee osteoarthritis (OA) in Singapore.
Methods: Singapore English and Chinese versions were cross-culturally adapted from the source English version following standard guideline
(including cognitive debrieﬁng). Patients were asked to complete an identical, pretested questionnaire containing the Lequesne index, Short
Form 36 Health Survey (SF-36), and EQ-5D twice within 6 days. Reliability was assessed using Cronbach’s alpha and intraclass correlation
coefﬁcients (ICC). Dimensionality was assessed by principal component factor analysis. Construct validity was tested by item-to-scale corre-
lations and 12 and six a priori hypotheses for convergent and divergent construct validities, respectively.
Results: Singapore English and Chinese Lequesne indices were well accepted by patients in pilot testing and were therefore administered to
a consecutive sample of 127 English- and 131 Chinese-speaking Singaporeans with knee OA. Acceptable internal consistency was observed
for activities of daily living and the global index (a¼ 0.72e0.82), and the good testeretest reliability for all scales in both versions
(ICC¼ 0.66e0.94). Expected item-to-scale correlations were presented only in activities of daily living in both versions. Factor analysis yielded
two factors for both versions. Convergent and divergent construct validities were supported by the presence of hypothesized correlations
between the Lequesne index and SF-36 and EQ-5D scales.
Conclusion: Both versions of the Lequesne index demonstrated acceptable reliability and validity among multiethnic Asian patients with knee
OA, which suggests that it could be used as a global index in the health-related quality of life (HRQoL) measurements in Singapore and
possibly other Asian countries.
ª 2006 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
Key words: Osteoarthritis, Lequesne knee index, Health-related quality of life, Validation, Asia.
Introduction
Knee osteoarthritis (OA) is one of the commonest forms of
OA in the world. Pain and physical disability, the two main
symptoms of knee OA, have a signiﬁcant impact on
health-related quality of life (HRQoL) of the patients1. The
Lequesne Algofunctional Index of knee, a disease and
joint-speciﬁc HRQoL instrument for knee OA, was devel-
oped in France in the 1970s2. The Lequesne index is widely
used in HRQoL assessment in OA clinical trials and recom-
mended by various groups and authorities including OMER-
ACT3, OARSI4, and the US Food and Drug Administration5.
For a HRQoL instrument to be useful in patients with
a given illness, this instrument should measure domains
and items of health which are important to patients with
this illness. These domains and items of importance may
differ in various socio-cultural contexts. It has recently
been shown that all items in the Lequesne index are of im-
portance for patients with OA in several socio-cultural
1This project was funded by an Academic Research Grant from
the National University of Singapore, No. R-148-000-059-112.
None of the authors have any ﬁnancial or other interests relating
to the manuscript to be submitted for publication in Osteoarthritis
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contexts6, including that of Asian patients (i.e., Chinese,
Malays, and Indians) with OA in Singapore7. Thus we
aimed to cross-culturally adapt and validate Singapore En-
glish and Chinese versions of the Lequesne index in a mul-
tiethnic sample of patients with knee OA in Singapore. The
validation of these two versions of the index would also pro-
vide a necessary foundation for their use among Chinese,
Malay, and Indian subjects with OA in Singapore, and
would support the need for further studies to prove its utility
in other Asian socio-cultural contexts and languages.
Methods
CROSS-CULTURAL ADAPTATION
The source version of the Lequesne index we used in this
study was the interview format English version instead of
French version. Singapore English and Chinese versions
of the Lequesne index were cross-culturally adapted from
the source English version following standard guideline rec-
ommended by Guillemin et al.8 and with input from the de-
veloper. Brieﬂy, two bilingual translators proﬁcient both in
English and Chinese independently translated the source
English version into Chinese and then developed a recon-
ciled version, which was back translated into English by an-
other two independent bilingual translators, with further
reﬁnements based on the feedback from back translation
resulting in the consensus to the Singapore Chinese ver-
sion. Both versions were used in cognitive debrieﬁng inter-
view with ﬁve Chinese- and ﬁve English-speaking subjects
with knee OA, respectively. Both versions were ﬁnalized
after taking into account the suggestions from subjects
and the original developer and were pilot-tested among
10 English- and Chinese-speaking subjects, respectively.
VALIDATION STUDY
Data collection
In this Institutional Review Board (IRB) approved study,
a consecutive sample of subjects with knee OA scheduled
for total knee replacement surgery was recruited from the
Department of Orthopaedic Surgery at the Singapore
General Hospital, a tertiary referral hospital in Singapore,
from August to December 2005. The subjects were eligible
if theywere diagnosedwith kneeOAby their attendingOrtho-
paedic surgeon, based on clinical and radiographic features
and agreed to participate in this study. Each subject was
interviewed by a trained interviewer in either English or Chi-
nese using an identical, pretested questionnaire containing
the Lequesne index, Short Form 36 Health Survey (SF-36),
and EQ-5D and assessing socio-demographic data and
chronic medical conditions. To assess testeretest reliability,
the Lequesne index was administered a second time through
a telephone interview after an interval of 6 days.
Instruments
The Lequesne Algofunctional Index of knee, an interview
format OA-speciﬁc HRQoL instrument, consists of three
scales with a total of 10 items2,9. The ﬁrst scale asks about
pain or discomfort (ﬁve items), the second maximum dis-
tance walked (one item), and the third activities of daily liv-
ing (four items). The score for each scale ranges from 0 (no
pain or functional limitation) to 8 (extreme pain and func-
tional limitation). This index directly aggregates symptoms
and function, which results in a single global index score
as the sum of three scales with the range from 0 to 24.
For the purpose of the present study, we assessed reliabil-
ity and validity for the global index as well as the three
scales separately.
The SF-36 is one of the most widely used generic HRQoL
instruments. The SF-36 contains 36 items which measure
perceived health in eight scales, namely, physical function-
ing (PF), role-physical (RP), bodily pain (BP), general health
(GH), vitality (VT), social functioning (SF), role-emotional
(RE), and mental health (MH), with higher scores (range,
0e100) reﬂecting better perceived health10. Both the En-
glish and the Chinese versions of the SF-36 have been val-
idated for use in Singapore11.
The EQ-5D self-report questionnaire (EQ-5D) measures
HRQoL on the day of administration using a self-classiﬁer
and a visual analogue scale (EQ-VAS). The self-classiﬁer
consists of a 5-item descriptive system and assesses health
status in the scales of mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression, which produces
a utility index based on responses to the classiﬁer12. The
EQ-VAS is a vertical, graduated (0e100 points) 20 cm
‘‘thermometer’’ with 100 representing ‘‘best imaginable
health state’’ and 0 representing ‘‘worst imaginable health
state’’. Again, both the English and the Chinese versions
of EQ-5D have been validated for use in Singapore13,14.
Assessment of psychometric properties
Data were entered into Microsoft Excel Spreadsheet
(Microsoft Corporation, Redmond, WA) and analyzed using
SPSS 13.0 (SPSS Inc., Chicago, IL). All statistical tests
were two-tailed and conducted at a 5% level of signiﬁcance.
Internal consistency was assessed using Cronbach’s alpha,
testeretest reliability using intraclass correlation coefﬁcient
(ICC) (one-way random effects model)15. Cronbach’s alpha
0.7 is generally regarded as acceptable for group compar-
isons, and 0.9 for individual comparisons, while an ICC
0.7 is also considered as acceptable16. Dimensionality
was assessed by performing principal component factor
analysis with varimax rotation. An eigenvalue criterion of
1.0 was used and the percentage of variances explained
by the principal factor was given17. Item-to-scale correlation
(corrected for overlap) was assessed using Spearman’s
rank correlations (r) between scale scores and their constit-
uent items with r 0.4 considered acceptable17. Construct
validity was assessed separately for each language version
using Spearman’s rank correlation to determine the associ-
ation of the Lequesne index with the SF-36 and the EQ-5D.
As recommended in the literature, correlation coefﬁcients of
>0.50, 0.35e0.50, and <0.35 were considered strong,
moderate, and weak, respectively18. Thus, 12 a priori hy-
potheses were generated for convergent construct validity
where moderate to strong correlations (i.e., correlation coef-
ﬁcient 0.35) were expected between scales measuring
similar constructs, namely, (1) the Lequesne index pain or
discomfort scale with SF-36 bodily pain and EQ-5D pain/
discomfort; (2) the Lequesne index maximum distance
walked scale with SF-36 physical function and EQ-5D mo-
bility; (3) the Lequesne index activities of daily living scale
with SF-36 physical function and EQ-5D mobility and usual
activities; and (4) the Lequesne global index with SF-36
physical function, bodily pain, and EQ-5D mobility, usual ac-
tivities, and pain/discomfort. Another six a priori hypotheses
were generated for divergent construct validity where weak
correlations (i.e., correlation coefﬁcient <0.35) were ex-
pected between scales measuring dissimilar constructs,
namely, the Lequesne index maximum distance walked,









l   
co
py
activities of daily living, and the global index with SF-36
mental health and EQ-5D anxiety/depression.
Results
CROSS-CULTURAL ADAPTATION
The Singapore English and Chinese versions of the Le-
quesne index were well accepted in cognitive debrieﬁng
and pilot testing. Subjects understood the Lequesne index,
and opined that all items were relevant and that no impor-
tant areas had been omitted by this instrument. Thus both
versions were used in subsequent validation study without
any further revisions.
VALIDATION STUDY
Subject characteristics and the Lequesne
index scores
Subjects included 127 English-speaking and 131 Chinese-
speaking subjects with knee OA, of whom 47 English-speak-
ing and 55 Chinese-speaking subjects completed retest
interviews after a median of 6 days. A total of 21 subjects
(10 English-speaking and 11 Chinese-speaking) gave the
wrong telephone numbers and cannot be contacted, while
135 subjects (70 English-speaking and 65 Chinese-speak-
ing) refused to complete the retest interview for the reason
that they have answered all questions only a few days
ago. There are no statistically signiﬁcant differences in demo-
graphic characteristics between the subjects who completed
retest interview and those who did not (data not shown).
Characteristics of the 258 subjects are shown in Table I.
The mean age of the subjects was 66 years with the majority
of being female (83%), ethnic Chinese (89%), and with
a mean duration of OA of approximately 6 years.
There were no missing data for any item of the Lequesne
index. The global index score exceeded 14 in both versions,
indicating the extreme severe handicap9. No ﬂoor or ceiling
effect was observed for the global index compared with the
ﬂoor effect of 7.09% and 4.58% for maximum distance
walked scale, 3.94% and 4.58% for activities of daily living
scale in the English and the Chinese versions, respectively.
Assessment of psychometric properties
Internal consistency was acceptable with Cronbach’s al-
pha exceeding the cutoff value of 0.70 recommended for
group comparisons for activities of daily living scale and
the global index in both versions (Table II). However, the in-
ternal consistency was weak for pain or discomfort scale in
both versions. The testeretest reliability was acceptable
with the ICC exceeding the cutoff value of 0.70 for all scales
as well as the global index with the exception of activities of
daily living scale in the Chinese version (Table II).
Item-to-scale correlations are displayed in Table III for all
items with the exception of maximum distance walked
where only one item was included. Of the remaining nine
items, six in the English version and three in the Chinese
version exceeded the cutoff value of 0.40 with the range
from 0.42 to 0.80. Notably, no pain or discomfort items in
Chinese version demonstrated acceptable item-to-scale
correlations.
Dimensionality is shown in Table IV. Factor analysis
yielded two factors for both versions with eigenvalues
over 1.0. All items in maximum distance walked and activi-
ties of daily living scales loaded on to the ﬁrst factor in both
versions. For the English version, all pain or discomfort
items loaded on to the second factor with the exception of
‘‘pain or discomfort when standing for 30 minutes’’ which
loaded on to the ﬁrst factor. For the Chinese version, the
ﬁrst three items in pain or discomfort scale loaded on to
the second factor and the remaining items to the ﬁrst factor.
The two factors explained 52% and 47% of variance in the
English and the Chinese versions, respectively. The ﬁrst
factor might be clinically characterized as a dimension mea-
suring the physical function, while the second might mea-
sure the dimension of knee OA-related symptoms (i.e.,
including pain and stiffness).
Convergent construct validity was demonstrated by the
presence of expected correlations between the Lequesne
index and SF-36 and EQ-5D as shown in Table V. For
the English Lequesne index, the strong correlations were
presented for eight of 12 hypotheses (r¼ 0.52e0.76) and
the moderate correlations for other four hypotheses
(r¼ 0.36e0.48). In contrast, for the Chinese version, the
strong correlations were presented for three hypotheses
(r¼ 0.61e0.69) and the moderate correlations for six hy-
potheses (r¼ 0.36e0.48). However, the pain or discomfort
scale as well as the global index in the Chinese version cor-
related weakly with SF-36 bodily pain (r¼ 0.19 and 0.17,
respectively). Additionally, activities of daily living have
a weak correlation with EQ-5D usual activities (r¼ 0.32).
Divergent construct validity is displayed in Table V. For
the English version, all scales as well as the global index
Table I
Characteristics of subjects completing the Singapore English and
Chinese Lequesne knee index





Mean (SD), age (years) 65.3 (7.9) 67.8 (7.1)
Female 97 (76.4) 116 (88.5)
Ethnicity
Chinese 99 (78.0) 131 (100.0)
Malay 10 (7.9) 0 (0.0)
Indian 14 (11.0) 0 (0.0)
Others 4 (3.1) 0 (0.0)
Years of education
No formal education 34 (26.8) 73 (55.7)
1e6 44 (34.6) 41 (31.3)
7e10 33 (26.0) 13 (9.9)
>10 12 (9.4) 2 (1.6)
Married 113 (89.0) 122 (93.1)
Retirees/homemakers 103 (81.1) 119 (90.8)
Mean (SD), body mass index 28.6 (5.4) 27.8 (3.9)
Presence of chronic
medical conditions*
87 (68.5) 89 (67.9)
Mean (SD), duration of OA (years) 5.9 (5.6) 6.1 (4.7)
Knee scheduled for surgery
Right 75 (59.1) 74 (56.5)
Left 50 (39.4) 56 (42.7)
Both 2 (1.6) 1 (0.8)
SD: standard deviation; OA: osteoarthritis.
*Comorbid medical conditions included hypertension (n¼ 143),
back pain (n¼ 37), high cholesterol (n¼ 36), diabetes (n¼ 29), rheu-
matoid arthritis (n¼ 27), heart diseases (n¼ 11), lung diseases
(n¼ 5), ulcer or stomach diseases (n¼ 4), anemia (n¼ 3), depres-
sion (n¼ 3), osteoporosis (n¼ 2), cancer (n¼ 1), andasthma (n¼ 1).
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in the Lequesne index correlated weakly with SF-36 mental
health and EQ-5D anxiety/depression (r¼ 0.06e0.28). For
the Chinese version, weak correlations were presented for
all six hypotheses but to a lesser degree compared with
the English version (r¼ 0.10e0.28).
Discussion
In this study, the Singapore English and Chinese versions
of the Lequesne Algofunctional Index of knee demonstrated
acceptable psychometric properties in the multiethnic Asian
patients with knee OA in Singapore. These ﬁndings imply
that the Lequesne index is a reliable and valid HRQoL mea-
sure in this socio-cultural context. This is very encouraging
as the Lequesne index consists of only 10 items which are
important not only in Western6 but also in Eastern socio-
cultural contexts7. Therefore, this study provides the basis
for future HRQoL assessment using this instrument in Asian
OA patients and also allows the comparison across different
socio-cultural contexts. To the best of our knowledge, this is
one of the ﬁrst studies adapting and validating the English
and Chinese Lequesne index in Asia.
Internal consistency of the English version is comparable
to but slightly better than the Chinese version. However, the
lower Cronbach’s alpha was observed for pain or discomfort
in both versions. Similar ﬁnding had been reported by
Stucki et al.19. From the clinician’s perspective, patients
with ‘‘pain at night even without movement’’ (compared
with pain only on movement or in certain positions) might
not be more likely to experience ‘‘pain or stiffness for
more than 15 minutes after getting up in the morning’’ (com-
pared with pain or stiffness for 1e15 minutes in the morn-
ing). Additionally, dichotomous response options are
adopted by two items in this scale, while the polytomous re-
sponse options by the remaining three items in the same
scale. Therefore, the varying grading schedules adopted
for the different items within the pain or discomfort scale
might be responsible for the lack of internal consistency,
compared with the higher internal consistency in activities
of daily living scale where the grading schedule is consis-
tent across all four constituent items. Testeretest reliability
is good for all scales in both versions with the exception of
activities of daily living in the Chinese version for which the
Table II
Distributions and reliability of the Lequesne knee index scores*
Scales Mean (SD) Median (interquartile range) Percent at ﬂoor/ceiling a Testeretest ICCy
Singapore English version (n¼ 127)
Pain or discomfort e e 0/0 0.58 0.70
Maximum distance walked e e 7.09/1.57 0.94
Activities of daily living e e 3.94/0 0.82 0.87
Global index 14.6 (4.2) 14.5 (11.5e17.5) 0/0 0.75 0.92
Singapore Chinese version (n¼ 131)
Pain or discomfort e e 0.78/0 0.44 0.77
Maximum distance walked e e 4.58/0.76 0.86
Activities of daily living e e 4.58/0 0.77 0.66
Global index 15.1 (3.8) 15.5 (13.0e17.5) 0/0 0.72 0.82
SD: standard deviation; a: Cronbach’s alpha; ICC: intraclass correlation coefﬁcient.
*Scores for all scales range from 0 to 100, with higher scores indicating worse HRQoL.
yForty-seven English-speaking and 55 Chinese-speaking subjects completed retest interview after a median (interquartile) of 6 (5e6) days.
Table III
Item-to-scale correlations: the Singapore English and Chinese
Lequesne knee index (corrected for overlap)





During nocturnal bedrest 0.28 0.30
Morning stiffness or
regressive pain after rising
0.47 0.28
After standing for 30 min 0.16 0.12
While ambulating 0.42 0.23
While getting up from
sitting without the help of arms
0.39 0.25
Activities of daily living
Able to climbing up a
standard ﬂight of stairs
0.73 0.80
Able to climbing down a
standard ﬂight of stairs
0.77 0.71
Able to squat or bend on the knees 0.48 0.37
Able to walk on uneven ground 0.64 0.60
Correlation coefﬁcients exceeding 0.40 were in italics.
Table IV
Principal component factor analysis of Lequesne knee index
Items English Chinese
Factor 1 Factor 2 Factor 1 Factor 2
Pain or discomfort
During nocturnal bedrest 0.05 0.67 0.41 0.51
Morning stiffness or
regressive pain after rising
0.28 0.68 0.35 0.44
After standing for 30 min 0.63 0.18 0.06 0.74
While ambulating 0.27 0.62 0.62 0.17
While getting up from sitting
without the help of arms
0.30 0.54 0.55 0.07
Maximum distance walked 0.63 0.29 0.70 0.03
Activities of daily living
Able to climbing up a
standard ﬂight of stairs
0.77 0.32 0.82 0.22
Able to climbing down
a standard ﬂight of stairs
0.72 0.41 0.81 0.24
Able to squat or bend
on the knees
0.61 0.22 0.46 0.17
Able to walk on
uneven ground
0.64 0.44 0.74 0.08
Initial eigenvalue 4.14 1.03 3.56 1.17
Variance accounted for (%) 41.44 10.30 35.60 11.73
Highest loading for each item is in italics.
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ICC marginally reached the cutoff value of 0.70. For the
global index, the reliability of the Singapore English version
is comparable with the French version20, and better than the
German19 and Korean versions21. In contrast, the reliability
of the Chinese version is the same as German version19,
but lower than the French20 and Korean versions21.
Notably, both versions of the Lequesne index are highly
suggested to be used as a single global index rather than
three scales individually, which can be supported by the
presence of generally better psychometric properties of
the single global index. First, the internal consistency and
testeretest reliability are good for a single global index.
Second, all items in pain or discomfort scale in both ver-
sions did not correlate with its hypothetical scale in an ex-
pected manner. Instead, all of these items correlated
moderately or strongly with the single global index (data
not shown). Third, the convergent and divergent construct
validity is better for the global index than the three individual
scales in both versions.
Nonetheless, this study demonstrated that both versions
of the Lequesne index are actually not uni-dimensional
HRQoL measures as it was designed to be2,9, which could
be supported by the two factors extracted in both versions
in the present study and similar ﬁnding in previous study22.
The factor loadings were similar for the majority items in
both versions with the exception of three items in pain or
discomfort scale (i.e., Item 3: ‘‘pain after standing for 30
minutes’’, Item 4: ‘‘pain while ambulating’’, and Item 5:
‘‘pain while getting up from sitting without the help of
arms’’). In the English version, Item 3 loaded highly on to
the ﬁrst factor (representing physical function), while Items
4 and 5 to the second factor (representing symptoms). In
contrast, in the Chinese version, Item 3 loaded highly on
to the second factor, while Items 4 and 5 to the ﬁrst factor.
As all the three items ask about the ain associated with
a speciﬁc function, this might be explained by the well-
known fact that pain and physical function are closely
related and equally important in OA outcome measures23,
which can also be supported by the moderate correlations
between pain or discomfort scale in both versions of the
Lequesne index with SF-36 physical function in the present
study (Table V). Some patients may answer the questions
according to pain, while others according to speciﬁc func-
tion. A further qualitative study is needed to reveal the un-
derlying factors responsible for the variation observed in
different language groups.
The construct validity is supported by the presence of ex-
pected correlations between the Lequesne index and SF-36
and EQ-5D scales measuring similar or dissimilar con-
structs. However, the pain or discomfort scale in both ver-
sions correlated lowlier than expected with SF-36 bodily
pain and EQ-5D pain/discomfort. It might be due to the
fact that not only pain but also stiffness is measured in
the Lequesne index which is some different concept from
pain. In addition, it should be noted that only lower limb
function is evaluated in the Lequesne index, compared
with both lower and upper limb function evaluated in the
SF-36 and the EQ-5D, which may also explain some lower
correlations between scales measuring similar constructs.
We recognized several limitations of this study. First, the
responsiveness of the Lequesne index could not be as-
sessed in this study, which will be addressed in the longitu-
dinal part of this project. Second, all patients in the present
study were scheduled for total knee replacement, which
may represent the more severe patient group. Therefore,
the results obtained in the present study may not be readily
applicable to the entire knee OA patient group in local set-
ting. It thus suggests that the Lequesne index should be as-
sessed among patient groups with different severity based
on clinical and laboratory evidences, especially outpatients,
in further study. Third, different ways of test and retest inter-
views (i.e., face-to-face vs telephone) adopted, the rela-
tively small number of subjects completed the retest
interview, and relatively short testeretest interval may
have a certain impact on the reliability presented in this
study, which should be explained with caution.
In conclusion, acceptable reliability and validity are dem-
onstrated among multiethnic Asian patients with knee OA
for the English and the Chinese versions of the Lequesne
index, which suggests that it could be used as a global in-
dex in the HRQoL measurements in Singapore.
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Table V
Construct validity: correlation between Singapore English and















0.45 L0.75 L0.64 L0.76
Role-physical 0.22 0.23 0.34 0.33
Bodily pain L0.36 0.37 0.36 L0.46
General health 0.07 0.16 0.06 0.13
Vitality 0.20 0.18 0.28 0.27
Social functioning 0.27 0.38 0.40 0.44
Role-emotional 0.07 0.02 0.01 0.02
Mental health 0.01 K0.11 K0.06 K0.09
English EQ-5D
Mobility 0.43 0.46 0.48 0.53
Self-care 0.24 0.33 0.28 0.35
Usual activities 0.46 0.42 0.54 0.56
Pain/discomfort 0.52 0.49 0.55 0.63
Anxiety/
depression
0.17 0.28 0.22 0.28




0.41 L0.66 L0.61 L0.69
Role-physical 0.25 0.30 0.38 0.40
Bodily pain L0.19 0.21 0.02 0.17
General health 0.22 0.07 0.25 0.18
Vitality 0.30 0.15 0.24 0.24
Social functioning 0.31 0.39 0.19 0.38
Role-emotional 0.30 0.17 0.21 0.29
Mental health 0.33 K0.21 K0.17 K0.28
Chinese EQ-5D
Mobility 0.32 0.38 0.36 0.46
Self-care 0.29 0.29 0.17 0.32
Usual activities 0.34 0.20 0.32 0.36
Pain/discomfort 0.45 0.37 0.35 0.48
Anxiety/
depression
0.35 0.10 0.13 0.23
*A priori hypotheses are shown for convergent construct validity
(bold) and divergent construct validity (italics). Hypotheses which
are supported are underlined.
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Lequesne Algofunctional Index of Knee
Please tick in boxes appropriately
Pain or discomfort
A. Do you feel any pain or discomfort with your knees
during bedrest at night?
, None or insigniﬁcant
, Yes, only on movement or in certain positions
, Yes, with no movement
B. Knee joint sometimes is painful or stiff when you get
up in the morning. Please indicate the duration after
which you will feel a lesser pain or stiffness?
, 1 minute or less
, More than 1 but less than 15 minutes
, 15 minutes or more
C. Will your pain or discomfort get worse if you remain
standing up for 30 minutes?
,Yes ,No
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D. When you go for a long walk, do you feel any pain or
discomfort?
, None
, Yes, only after walking some distance
, Yes, early after initial walking and increasingly with
continued walking
, Yes, after initial walking, not increasingly
E. Do you feel any pain or discomfort when getting up
from sitting without using your arms?
,Yes ,No
Maximum walking distance
A. How far can you walk at the maximum without stop-
ping (may walk with pain)?
, Unlimited
, More than 1 km, but limited
, About 1 km (in about 15 minutes)
, From 500 to 900 meters (1,640e2,952 ft) (in about
8e15 minutes)
, From 300 to 500 meters (984e1,640 ft)
, From 100 to 300 meters (328e984 ft)
, Less than 100 meters (328 ft)
B. Do you have to use aids when you are walking?
, No
, Yes, with one walking stick or crutch
, Yes, with two walking sticks or crutches
Activities of daily living




































l   
co
py
26 F. Xie et al.: Validation of Lequesne index in Singapore
